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AUTHOR’S  PREFACE 


To  assist  in  the  work  of  organising  labour  according  to  rational 
laws  ; to  assign  to  each  man  his  true  function  in  the  social 
machine ; to  enable  the  hale  man  and  the  war-cripple  to 
collaborate  in  the  economic  tasks  of  to-morrow  ; to  formulate 
concisely  the  doctrine  of  the  maximum  utilisation  of  the 
physical  and  psychical  energies,  without  losing  sight  of  the 
moral  factor  : these  are  the  motives  which  impelled  me  to 
write  this  book.  It  is  frankly  addressed  to  the  general  public, 
and  it  deals,  in  a pedagogic  sense,  with  the  ordinary  avocations. 
Whether  in  the  matter  of  physical  education  and  hygiene, 
or  the  organisation  of  apprenticeship  and  labour,  or  that 
technical  re-education  whose  programme  we  have  had  to 
devise,  while  co-ordinating  the  efforts  made  to  realise  it, 
in  these  sorrowful  times  it  is  the  duty  of  each  one  of  us  actively 
to  participate.  I have  briefly  stated  why  and  how. 

Further,  I have  everywhere  laid  stress  upon  the  intimate 
connection  between  science  and  economic  wealth,  between 
method  and  technique  and  national  prosperity. 

In  the  same  spirit  I have  elucidated  the  problems  of  pro- 
thesis, for  France  and  England  might  place  themselves  at 
the  head  of  the  orthopaedic  industry  of  the  whole  world,  as 
of  many  another  industry.  The  condition  is  that  they  must 
eschew  routine,  a factor  which  enervates  the  inventive  spirit 
of  the  race. 
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author’s  preface 


My  own  doctrine  has  naturally  led  me  to  explain  and 
discuss  the  admirable  system  of  Taylor.  I have  laid  stress 
upon  its  essential  merits,  while  correcting  it  where  it  appeared 
to  disregard  the  fundamental  laws  of  fatigue  and  the  con- 
servation of  human  energy.  All  our  activities,  indeed,  should 
be  properly  conditioned  physiologically,  or  serious  mis- 
calculations will  result.  They  are  in  effect  so  conditioned  by 
the  very  laws  of  nature.  But  men  persist  in  denying  the  fact, 
and  seek  refuge  in  abstractions. 

In  connection  with  these  fundamental  problems,  therefore, 
it  was  necessary  to  enlighten  the  reader  by  means  of  proofs 
and  data  ready  to  hand.  Thanks  to  a profusion  of  original 
and  extremely  clear  illustrations,  the  comprehension  of  the 
text  is  greatly  facilitated.  I take  this  opportunity  of  thanking 
my  publishers  for  all  the  trouble  they  have  taken  in  this 
respect.  For  the  benefit  of  the  reader,  too,  as  much  as  to 
afford  me  proof  of  a goodwill  already  put  to  the  test, 
M.  H.  Le  Chatelier,  whose  name  is  eloquent  of  a methodical 
social  activity,  has  written  a Preface  for  the  French  edition 
of  this  volume,  while  the  Introduction  to  the  English  edition 
has  been  contributed  by  Prof.  A.  F.  Stanley  Kent,  who  has 
also  acted  as  editor. 

Whether  by  author  or  publishers,  the  data  have  been  inter- 
preted accurately  and  sincerely.  A book  which  professes 
to  teach  anything  should  be,  as  it  were,  an  act  of  conscience. 
I trust  this  may  be  such  a book. 
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PREFACE  TO  FRENCH  EDITION 

In  his  “ Principles  of  the  Scientific  Organisation  of  Labour  ” 
(p.  67)  F.  Taylor  complains  that  the  experiments  of  physiolo- 
gists and  engineers  have  hitherto  afforded  no  indications  as 
to  the  endurance  of  the  human  being.  “ The  results  of  these 
investigations,”  he  says,  “ have  been  so  negligible  that  it 
has  been  impossible  to  deduce  therefrom  a law  of  any  value.” 
The  object  of  M.  Amur’s  present  volume  is  precisely  to  fill  this 
hiatus,  and  to  show  how  the  experimental  methods  of  the 
physiologists  will  enable  us,  in  future,  to  grapple  with  the 
problem  of  human  fatigue  and  human  activity.  This  problem 
is  of  the  highest  importance  from  the  standpoint  of  the 
organisation  of  labour  in  factory  and  workshop. 

Before  I fully  express  my  appreciation  of  this  volume,  I 
should  like  to  make  a few  remarks  as  to  the  author’s  criticisms 
of  Taylor’s  work.  He  insists,  perhaps  more  than  is  reasonable, 
on  the  insufficiency  of  Taylor’s  methods  of  estimating  fatigue 
in  manual  workers.  This  reproach  ought,  in  all  fairness,  to  be 
addressed  to  the  physiologists.  It  is  not  the  business  of  the 
engineer  to  invent  these  new  methods  of  measurement ; he 
can  only  employ  those  which  are  already  extant.  Thus 
Taylor  made  use  of  chemical  analysis,  the  measurement  of 
temperatures,  and  the  measurement  of  the  efforts  exerted 
upon  tools  and  implements.  He  would,  similarly,  have 
employed  methods  of  estimating  human  fatigue,  if  such 
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methods  had  existed.  He  complains,  with  perfect  justice, 
that  he  found  nothing  to  the  point  in  the  works  of  his  pre- 
decessors. Let  us  hope  that  this  volume  of  M.  Amur’s  will 

help  to  remove  this  difficulty. 

The  reproach  that  Taylor  neglected  the  part  played  by  the 
will  in  the  production  of  labour  is,  in  my  opinion,  equally 
unfounded.  The  example  of  Rachel,  which  is  cited  in  this 
connection,  is  completely  typical.  The  will  cannot  supply 
the  place  of  physical  strength  ; it  merely  enables  a man  to 
labour  in  excess  of  his  strength,  to  over-work  himself.  This 
was  certainly  the  case  with  Rachel,  who  died  at  thirty-seven. 
This  is  not  an  example  to  be  imitated.  The  scientific  organisa- 
tion of  labour,  as  conceived  by  Taylor,  aims  at  obtaining 
from  the  worker  the  maximum  of  work  which  he  can  normally 
accomplish,  but  it  does  not  urge  him  to  exceed  this  limit  by  an 

effort  of  the  will. 

These  reservations  apart,  1 am  delighted  to  call  attention 
to  the  profit  and  the  interest  to  be  derived  from  the  perusal 
of  M.  Amur’s  work  on  the  physiological  organisation  of  labour. 
This  volume  is  not  intended  only  for  the  specialist,  the  physi- 
cian, the  physiologist,  or  the  engineer  ; any  cultivated  readei 
will  take  pleasure  in  learning  something  of  the  many  con- 
temporary problems  here  considered  : problems  of  the  measure- 
ment and  registration  of  muscular  or  nervous  fatigue  ; of 
psycho-physiological  relations  ; of  normal  alimentation  ; of 
the  art  of  economical  labour,  whether  physical  or  intellectual ; 
of  handicrafts  and  apprenticeship  ; of  the  re-education  of 

war-cripples  ; of  orthopaedy,  etc. 

M.  Amur  describes  in  detail  the  methods  of  measurement 
employed  in  physiological  laboratories  for  the  evaluation 
of  work  done.  It  is  to  be  hoped  that  numerous  investigations 
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will  be  undertaken  by  the  aid  of  these  methods,  which  admit 
of  extreme  precision,  and  owe  not  a little  to  M.  Amur.  The 
problem  to  be  solved  is  in  reality  extremely  complex.  It  is 
not  enough  to  determine  the  degree  of  fatigue  occasioned  by  a 
given  task  in  order  to  decide  whether  the  task  in  question  does 
or  does  not  exceed  the  capacities  of  the  worker  who  is  the  sub- 
ject of  experiment.  All  serious  muscular  labour  necessarily 
involves  a certain  amount  of  fatigue,  but  this  will  not  be 
in  any  way  harmful  if  the  periods  of  repose  intercalated  during 
labour  allow  the  human  machine  to  re-establish  itself  without 
permanent  deterioration.  A steam-engine  cannot  work  with- 
out consuming  coal ; but  there  is  no  trouble  as  long  as  it  is  fed 
sufficiently,  so  that  it  does  not  come  to  a standstill.  Similarly, 
in  the  case  of  man,  the  consumption  of  energy  produces  no 
bad  results  provided  nourishment  and  sleep  suffice  to  make 
good  all  losses.  Fatigue,  far  from  being  injurious,  is  highly 
favourable  to  health.  A peasant,  who  will  frequently  work 
sixteen  hours  a day,  will  often  attain  an  age  of  eighty  years, 
while  a small  shopkeeper  in  a big  city,  who  does  not  always 
do  an  hour’s  work  in  the  day,  will  hardly  reach  his  sixtieth 
year.  It  is  this  that  makes  the  study  of  overwork  so  difficult. 
The  man  who  never  fatigues  himself  does  not  live  long.  On  the 
other  hand,  the  man  who  experiences  fatigue  often  enjoys  a 
hale  old  age.  The  great  manufacturer  Solvay  furnishes  a 
remarkable  example  of  this  fact.  About  his  sixtieth  year  he 
began  to  indulge  in  Alpine  climbing,  regulating  the  speed  at 
which  he  climbed  so  as  to  maintain  the  rate  of  his  pulse  at  120 
beats  a minute.  This  undoubtedly  means  great  fatigue,  and 
Solvay  to-day  bears  his  sixty-seven  years  lightly,  overtaxing 
himself  yet  further  by  intellectual  labours  which  are  so  severe 
that  they  often  result  in  loss  of  sleep.  It  is  true  that  not 
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every  man  could  endure  such  a regimen  ; it  is  no  less  true 
that  the  q^uestion  of  harmful  over-exertion  is  an  extremely 
complex  problem,  which  will  demand  much  investigation 
before  it  is  completely  solved. 

The  employment  of  the  methods  of  measurement  recom- 
mended by  M.  Amar  will  assuredly  produce  an  immediate 
result  in  such  investigations  as  relate  to  the  re-education  of 
wounded  men  and  war-cripples.  The  numerous  examples 
which  he  gives  of  such  investigations  show  us  how  it  is  possible, 
by  methodical  experiment,  to  secure  a rapid  reduction  of  the 
efforts  which  are  necessary  at  the  outset  for  the  accomplish- 
ment of  a task  for  which  one  has  had  no  training. 

The  systematic  evaluation  of  these  efforts  makes  it  possible 
very  greatly  to  shorten  the  period  of  re-education,  and  will 
in  a great  measure  help  to  alleviate  the  hardships  caused  by 
the  war. 

This  particular  application  of  the  Taylorian  system  will 
therefore  be  productive  of  another  very  happy  result ; that  is, 
it  will  provide  employment  for  war-cripples.  One  of  the  most 
essential  points  of  this  system  is  to  replace  a large  number  of 
manual  workers  in  workshop  and  factory  by  employees  whose 
office  it  is  to  investigate  the  best  methods  of  labour,  to  teach 
these  to  the  workers,  and  finally  to  establish  the  amount  of  the 
day’s  task.  The  majority  of  these  functions  may,  for  the  most 
part,  very  usefully  be  entrusted  to  wounded  soldiers.  A 
personal  experience  of  manual  labour  is  indispensable  to  the 
proper  fulfilment  of  these  functions,  but  these  latter  do  not 
necessitate  the  personal  execution  of  the  particular  work  in 
hand.  Ex-artisans,  for  instance,  will  be  able  to  utilise  the 
experience  which  they  acquired  when  they  still  enjoyed 
the  full  use  of  all  their  limbs.  This  utilisation  of  crippled 
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working-men  has  been  tried,  with  abundant  success,  by 
M.  de  Freminville,  in  the  Penhoete  workshops,  at  Saint- 
Nazaire.  This  is  an  experiment  which  deserves  further 
development.  It  is  true  that  such  advisory  work  requires, 
in  addition  to  a technical  knowledge  of  the  craft,  an  adequate 
amount  of  intelligence.  But  just  as  blind  men  find  that  their 
acoustic  sensibility  is  developed  by  the  concentration  of  their 
attention  upon  those  senses  which  remain  intact,  so  we  may 
count  upon  a development  of  the  intellectual  faculties  in  men 
deprived  of  part  of  their  physical  activity.  By  the  very 
force  of  circumstances  they  will  direct  their  energies  into 
fresh  channels.  At  all  events,  the  more  intelligent  will  in 
this  manner  be  able  to  find  immediate  employment  foi  their 
faculties. 

M.  Amur’s  volume  touches  upon  a very  large  number  of 
problems  which  possess  a great  significance  in  respect  ot  the 
future  of  the  belligerent  nations.  Let  us  hope  that  he  will 
have  many  readers,  who  will  not  fail  to  realise  the  extieme 
importance  of  these  questions. 

Henry  Le  Chatelier. 
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INTRODUCTION 

The  past  few  years  must  ever  prove  a period  of  absorbing 
interest  to  students  of  industrial  problems.  Old  forces  now 
first  showed  appreciable  results  ; new  forces  made  themselves 
felt.  Fear  is  felt  by  many  for  the  years  to  come,  and  indeed 
there  is  sufficient  cause,  for  dangers  lie  ahead.  But  there 
still  exists  a means  of  averting  these  dangers  if  we  can  see 
clearly  enough  to  recognise  it  and  do  not  put  off  action 
until  it  is  too  late.  For  many  years  knowledge  has  been 
growing,  and  it  is  in  the  application  of  this  knowledge 
to-day  that  hope  may  lie.  Engineers  have  done  their  best 
to  improve  plant,  method,  and  machinery.  Invention  has 
followed  invention,  and  automatic  machinery  has  become 
well-nigh  human.  One  unused  to  factories  is  tempted  to  ask, 
‘ Where  is  man  required  ? ’ On  the  human  side  progress  has 
been  slower.  Nearly  a hundred  years  ago  the  principle  was 
stated  that  man  himself  is  the  most  important  instrument  of 
industry,  but  hardly  ever  is  he  studied  as  machinery  has 
been  studied.  Masters  of  the  old  school  abhorred  all  thought 
of  interference  with  their  workmen,  and  workmen  did  not 
welcome  interference.  Now  both  are  wiser. 

About  fifty  years  ago,  by  an  accident  fortunate  in  its  results, 
a young  American,  about  to  join  his  college,  was  prevented 
from  continuing  his  studies  and  went  to  work  instead.  He 
liked  the  new  conditions,  and  soon  rose  to  a position  of 
authority,  but  to  his  surprise  was  quite  unable  to  obtain 
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from  those  below  him  a satisfactory  tale  of  work.  Unlike 
many  in  his  position  he  was  unwilling  to  accept  short  measure, 
even  where  short  measure  was  so  common,  but  spent  much 
time,  energy,  and  money  in  seeking  out  the  cause.  Finally 
he  found  it,  and  by  his  methods  proved  it  easy  not  only  to 
obtain  an  output  sufficient  to  satisfy  his  former  requisition, 
but  far  more  than  this. 

From  Taylor’s  methods  developed  later  a system  which  has 
been  widely  used.  It  has  been  modified  and  extended,  not 
only  in  the  country  of  its  birth,  and  through  the  work  of 
Taylor  s great  successor,  Gilbreth,  but  also  in  other  countries 
and  in  other  hands. 

It  may  be  asked  Why,  if  so  useful,  is  not  Taylor’s  system 
universal  ? ” The  answer  is,  “ Partly  because  of  early  pre- 
judice, partly  because  of  certain  inherent  difficulties.” 

Prejudice  was  roused  by  some  of  those  with  whom  the  fate 
of  Taylor’s  system  rested.  They  lacked  discretion,  and  their 
methods,  introduced  unwisely,  were  suspected,  misunderstood, 
and  rejected  by  the  men.  Had  tact  been  used,  and  the 
workmen  encouraged  to  understand  the  system,  all  would 
have  been  well.  Difficulties  arose  from  the  small  number  of 
those  acquainted  with  the  system,  and  from  the  time,  skill, 
and  money  needed  for  its  installation.  ,i 

Those  times  have  passed.  The  men  themselves,  conscious 
that  high  wages  and  much  leisure  go  with  Taylorism,  often 
support  it  strongly,  and,  when  war  broke  out,  it  was  advanc- 
ing rapidly,  not  only  in  the  factories  of  America  and  of 
Europe,  but  in  those  of  Asia  also. 

) 

The  system  introduced  by  Taylor  and  since  extended  has 
done  much  to  help  the  workman.  It  has  given  him  high  wages, 
short  hours,  surroundings  the  best  that  money  can  secure. 
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For  capital  it  has  done  no  less,  since  by  its  means  output  has 
been  raised,  and  working  costs  decreased.  From  the  scientific 
side  it  may  perhaps  be  criticised  because,  though  dealing  with 
complex  problems  of  physiology",  it  is  founded  on  trial  and 
error,  and  concerns  itself  with  results  of  immediate  usefulness, 
rather  than  with  experimental  investigation  of  fundamental 
facts.  For  this  reason  it  was  not  possible  to  formulate 
rules  of  general  application  for  the  conduct  of  industrial  pro- 
cesses. Each  occupation  needed  to  be  studied  separately  and 
apart  from  others.  Thus  much  time  was  necessary,  and  to 
this  need  for  time  must  be  attributed  the  tardy  introduction 
of  Taylorism  and  scientific  management  into  industry  after 
the  first  prejudice  had  died. 

The  matter  now  enters  upon  a new  phase,  and  experiments 
on  stricter  lines  are  in  progress.  Thanks  to  the  patience  and 
ingenuity  of  the  Gilbreths  in  America,  measurements  of  time 
and  space  of  greatest  accuracy  are  constantly  employed,  and  a 
knowledge  of  their  value  in  this  connection  is  extending  to 
other  countries.  In  England  inquiries  have  been  made  into 
the  influence  of  fatigue  on  labour,  and  into  the  conditions 
upon  which  fatigue  depends,  as  well  as  into  a great  variety  of 
the  circumstances  of  industrial  occupations.  And  funda- 
mental data  are  now  being  sought,  applicable  to  all  employ- 
ments, so  that  time  may  be  economised.  In  France  the 
direction  taken  was  somewhat  different,  an  attempt  being  made 
to  scrutinise  the  results  of  Taylor’s  methods  in  the  light  of 
accurate  measurements  of  push  and  pull,  pressure  and  force 
required  in  various  occupations,  and  to  introduce  improve- 
ments where  need  for  these  was  shown.  The  happy  facility 
which  the  French  possess  of  devising  instruments  of  greatest 
delicacy  and  of  employing  them  to  useful  ends  made  this 
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easy,  and  results  of  value  were  soon  obtained.  Especially 
is  this  true  of  M.  Amar,  appointed  by  the  Minister  of 
Labour  to  investigate  the  methods  of  Scientific  Manage- 
ment and  to  adapt  it  to  new  needs  and  circumstances. 
Few  physiologists  had  turned  their  attention  to  the  organ- 
isation of  labour,  though  the  whole  matter  rests  on  physiology, 
and  therefore  it  was  expected  that  the  methods  of  the 
physiological  laboratory  would  prove  most  fruitful.  The 
way  in  which  those  methods  were  employed  is  described 
by  M.  Amar  so  clearly  and  with  such  wealth  of  illustration  in 
his  book  that  it  may  be  followed  with  ease  not  only  by  the 
expert  but  also  by  the  ordinary  reader.  The  book  indeed  is 
written  to  be  understood  by  the  people,  and  its  appeal  is  largely 
to  those  unfamiliar  with  the  difficult  ways  of  science.  But 
like  all  else  the  book  is  over-shadowed  by  the  war,  and  its 
appeal  to  many  will  rest  upon  the  fact  that  its  reference  is  not 
solely  to  the  normal  individual,  but  also  and  in  large  measure 
to  the  crippled.  In  this  direction  M.  Amar  is  a successful 
pioneer,  and  at  a time  when  every  endeavour  is  being  made 
to  help  those  disabled  in  the  war,  it  is  a matter  of  the  highest 
interest  to  be  assured  that  eighty  per  cent,  of  the  victims 
of  amputation  should  be  found  capable  of  re-education  to 
such  a pitch  as  to  enable  them  to  re-enter  their  former 
occupation,  or  another  sufficiently  like  it  to  make  their  old 
experience  useful,  whilst  even  for  the  remainder  there  is  hope 
of  honourable  independence. 

So  great  indeed  will  be  the  interest  aroused  by  this  particular 
aspect  of  the  work  that  there  is  some  j)robability  of  our  for- 
getting that  industry  has  her  victims  no  less  than  war.  Yet 
for  the  former,  as  for  the  latter,  the  methods  of  M.  Amar  are 
available,  and  should  lead  to  results  no  less  admirable. 


These  aspects  of  the  subject  are  of  great  and  compelling 
interest.  There  is  yet  another.  It  is  that  of  reconstruction 
— not  of  broken  men,  but  of  broken  industries.  The  work 
carried  out  in  America,  in  England,  and  in  France  must  be 
relied  upon  as  our  chief  security  against  industrial  chaos  In 
it  we  possess  a means  of  organising  industry  upon  new  lines  so 
as  to  provide  an  increased  output  and  lowered  costs  at  the 
same  time  that  shorter  hours  are  worked,  and  leisure  greater 
than  even  before  is  secured  to  the  working  man.  Through 
lowered  costs  and  increased  output  high  wages  may  be  main- 
tained ; more  leisure  should  give  rise  to  higher  development 
amongst  the  workers. 

The  author  then  appeals  to  us  on  three  distinct  accounts. 
He  shows  us,  first,  how  those  crippled  in  the  war,  and  second, 
how  those  crippled  in  industry,  may  be  restored  to  usefulness, 
and,  further,  he  contributes  to  that  knowledge  upon  which 
our  hope  of  future  prosperity  depends. 

Bristol,  1918.  A.  F.  STANLEY  KENT. 
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CHAPTER  I 

HUMAN  LABOUR  ITS  HISTORY  AND  ITS  DOCTRINES 


I.  On  the  25th  of  January,  1829,  when  opening  his  course 
of  lectures  upon  Geometry  and  Applied  Mechanics,  of  whiclr 
subjects  he  was  the  professor,  at  the  Conservatoire  des  Arts 
et  Metiers,  Baron  Charles  Dupin  delivered  the  following 
remarks  : 

“ Men  have  concerned  themselves  very  largely  with  per- 
fecting the  machinery,  the  instruments,  the  material  imple- 
ments, which  the  worker  employs  in  the  mechanical  arts. 
But  they  have  hardly  ever  concerned  themselves  with  per- 
fecting the  worker  himself.  Yet  even  if  he  should  be  regarded 
as  an  instrument,  a tool,  a source  of  motive  power,  he  ought 
to  be  placed  in  the  front  rank  of  all  instruments  and  all 
mechanical  agents,  because  he  possesses  the  inestimable 
advantage  of  being  an  instrument  which  watches  and  corrects 
itself,  a motor  which  starts  or  stops  itself,  at  the  bidding  of 
its  own  intelligence,  and  which  perfects  itself  by  means  of 
thought  no  less  than  by  means  of  labour.”  ^ 

* Charles  Dupin  (1784-1873),  a French  geometrician  and  economist  of  great 
originality. 
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Dupin,  as  a matter  of  fact,  in  conceit  with  Poncelet,^  liad 
lately  entered  upon  an  admirable  campaign  in  favour  of  the 
diffusion  of  ideas  of  method,  and  of  teaching  the  handicrafts 
in  labour  centres.  He  was  also  anxious  that  the  theory  of 
jaligue  should  be  investigated,  and  that  the  worker  should 
be  protected  from  over-exertion.  But  the  movement  came 
to  nothing  ; firstly,  on  account  of  the  chimerical  and  over- 
generous  temper  of  which  Dupin  was  accused,  and  secondly, 
because  1830  was  approaching.  Charles  X.  was  solicited 
for  his  patronage,  but  he  did  not  respond  ; he  had  something 
better  to  do — namely,  to  make  his  dejiarture.  Lastly,  the 
theory  of  the  transformation  of  energij  was  yet  unborn ; the 
majority  of  scientists,  if  not  all,  accepted  the  doctrine  of  vital 
forces,  which  were  supposed  to  be  immaterial,  and  therefore 
beyond  the  scope  of  our  methods  of  measurement. 

As  for  the  workers  of  France,  they  were  hardly  aware 
either  of  their  rights  or  of  their  duties  ; extremely  uneducated, 
they  swept  out  the  factories  in  which  workers  of  a dilTerent 
nationality — chiefly  Englishmen — provided  the  labour.  And 
a French  Minister,  on  visiting  one  of  these  establishments, 
merely  wondered  at  the  sight ; the  contrast  was  obviously 
enough  to  shock  his  feelings. 

Despite  this  official  indifference,  Dupin  and  Poncelet 
succeeded  in  creating  teaching  centres  of  a modest  kind, 
which  very  quickly  became  popular,  in  Paris,  Metz,  and 
Rochefort.  Unfortunately,  for  lack  of  resources,  and  in 
the  absence  of  experimental  work,  the  science  of  human 
labour  remained  as  backward  as  before  ; the  physiologists 
and  economists  seemed  even  to  despair  of  such  a science. 

Only  in  our  own  times,  and  above  all  since  1890,  has  it 
made  its  way,  by  triumphant  stages,  to  those  heights  from 
which  it  now  sheds  so  brilliant  a radiance.  It  owes  this 
success  to  two  different  methods  : the  method  of  the  plujsicists, 
and  that  of  the  physiologists.  We  will  consider  these 
separately.  2 

^ Jean-Victor  Poncelet,  a French  mechanician  anil  general,  born  at  Metz  in 
1788,  died  1867. 

See,  in  La  Technique  Moderne,  1 May,  1914,  an  interesting  historical  sketch 
from  the  pen  of  Henri  Verne. 
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II. — A.  Physical  Research. — Familiar,  from  all  times, 
with  the  arts  and  crafts,  and  almost  the  sole  overseers  of  labour, 
the  engineers  were  the  first  to  investigate  the  subject  of 
human  labour.  But  even  the  ablest  confined  themselves 
to  determining  the  maximum  of  effort  or  of  pace  ; more 
rarely  they  turned  their  attention  to  continuous  and  protracted 
action.  These  experiments,  which  were  very  incomplete, 
were,  however,  witnessed  by  tlie  princes  of  the  Court,  especially 
during  the  reign  of  the  Great  Monarch.  De  La  Hire  (1640- 
1718)  and  Amontons  (1633-1703)  made  tentative  experi- 
ments ; the  Bernouilli  brothers,  and  at  a later  date  Euler, 
endeavoured  to  determine  the  mathematical  formula  of  the 
maximum  of  work.^ 

In  1722  the  Chevalier  De  Camus,  a native  of  Lorraine, 
gave  proof  of  a genuinely  practical  mind  by  writing  his 
Treatise  on  Moving  Forces,  in  plain  and  simple  language, 
“ for  the  use  of  working  men.”  He  defined  the  centre  of 
gravity,  demonstrating  its  importance  in  all  our  movements 
and  attitudes,  and  in  connection  with  fatigue.  “ When  two 
men  are  carrying  a burden,”  he  explains,  “ the  taller  man  is 
less  heavily  laden  than  the  shorter,  and  the  higher  the  tall 
man  raises  the  load,  the  less  heavily  is  he  burdened,  and  the 
more  heavily  he  burdens  the  short  man  ” (p.  34).  And  so 
forth,  in  connection  with  various  circumstances  of  manual 
labour. 

No  book  could  have  been  better  adapted  to  inculcate  the 
husbanding  of  human  energies,  or  to  instruct  the  working- 
man, than  the  work  of  this  worthy  gentleman. 

Vauban,^  in  a little  work  entitled  Le  Directeiir-general 
des  fortifications,  which  was  apparently  published  in  the  year 
1680,  gave  information  which  had  more  experience  behind  it 
and  was  of  wider  range.  It  referred  to  earthworks,  embank- 
ments, etc.  (terrassements).  I select  from  it  this  observation  : 
“ I am  confident,”  says  Vauban,  “ that  no  one  who  has  had 

^ Jules  Amar,  Le  Motevr  Hnmain,  p,  235. 

* Sebastien  Le  Prestre  de  Vauban  (1633-1707),  Marshal  of  France,  and  an 
eminent  engineer ; disgraced  on  account  of  his  book.  La  Dime  royaley  in  which 
he  put  forward  a plea  for  equality  of  taxation. 
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a little  experience  in  the  control  of  labour  can  fail  to  agree 
that  four  men  who  are  well  supervised  do  more  work  than 
six  men  who  are  left  to  their  own  discretion.”  . . . And  in 
1729  Belidor,  who  was  also  a military  engineer,  declared  : 
“ Supervision  costs  less  than  the  diminution  of  labour  to  which 
its  absence  gives  rise.”  And  elsewhere  he  says  : “ It  is 

certain  that  ten  hours’  work  from  a man  who  has  his  own 
interest  for  foreman  is  worth  at  least  fifteen  hours  from  another 
whose  daily  wage  is  fixed.^  To  drive  men  further  than  this 
is  to  overstrain  them,  to  risk  their  falling  ill,  or  failing  to  hold 
out  for  any  length  of  time.”  We  hear  the  first  lispings  of  the 
Conlrat  social  when  Bcdidor  protests  in  favour  of  easier  con- 
ditions of  life  for  the  workers,  in  view  of  ‘‘  the  dearness  of 
victuals  ” — or  the  generous  echoes  of  the  great  voice  which 
fell  silent  after  the  Dime  roijale.  This  scientific  courage 
struck  the  hour  of  awakening  conscience. 

III.  Coulomb — We  must  go  to  Coulomb  ^ for  a really 
interesting  description  of  fatigue,  and  of  the  estimation  and 
comparison  of  the  various  forms  of  human  labour.  This 
physicist,  the  greatest  of  the  eighteenth  century,  was  sent 
to  Martinique  as  an  officer  in  the  engineers.  There  he  made 
the  evaluations  in  question,  dealing  with  workers  paid  by 
the  piece.  Thanks  to  skilful  measurements  in  respect  of  the 
carrying  of  burdens,  the  working  of  cranks,  winches,  and 
pile-drivers,  and  the  operations  of  husbandry,  he  was  able  ta 
collect  material  for  an  admirable  study  of  human  energies — 
his  Meinoire  sur  la  force  des  homines.  Written  in  1785,  this 
memoir  did  not  see  the  light  until  1798,  when  M.  de  Coulomb 
had  made  way  for  “ Citizen  Coulomb,  of  the  Institute.” 

Let  us  select  a few  remarks  of  a general  character  : “ It 
appears,”  says  Coulomb,  “ that  the  method  of  dividing  the 
labour  of  men  who  carry  heavy  burdens  into  brief  intervals 
of  action  and  repose  is  that  which  is  best  adapted  to  the 
animal  economy,  and  that  men  prefer  to  walk  quickly  for  a 
few  moments,  and  then  to  rest  completely  for  a few  moments. 


Tills  proportion  of  2 to  3 had  already  been  given  by  Vauban. 
2 Charles-Auguste  de  Coulomb  (1736-1806),  born  at  Angouleme. 
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to  covering  the  same  distance  in  a time  equal  to  these  two 
intervals,  at  a slower  but  more  continuous  pace.”  And  the 
amount  of  labour  thus  performed  ‘‘  varies  according  to  ability, 
the  selection  of  workers,  food  . . . and  climate.”  These  two 
last  factors  of  tlie  human  output,  food  and  climate,  are  here 
stated  for  the  first  time.  They  are  essential  physiological 
factors,  and  Coulomb  adds  a hint  of  a psychological  order  as 
to  the  method  of  investigation.  “ It  is  necessary,”  he  says, 
“ to  observ'e  a good  workman,  who  is  paid  by  the  piece  ; at 
the  same  time,  he  must  not  be  aware  that  he  is  under  observa- 
tion, lest  this  should  affect  his  work  for  the  time  being.” 

Up  to  the  close  of  the  nineteenth  century  no  more  important 
work  than  Coulomb’s  had  appeared.  His  ideas  were  expressed 
in  different  forms  ; men  borrowed  from  his  observations,  and, 
above  all,  exaggerated  their  value,  since  they  were,  for  the 
most  part,  based  upon  a single  direct  determination  : while 
in  other  instances  Coulomb  borrowed  from  his  predecessors, 
with  unfortunate  results. 

But  of  late  vears  the  method  of  these  old  engineers  has 
been  elucidated  by  the  brilliant  research  work,  both  practical 
and  theoretical,  of  an  American  engineer,  Frederic  Taylor. 


IV.  The  Taylor  System — Taylor’s  principles  of  the  organ- 
isation of  labour  assuredly  constitute  the  most  comprehensive 
system  known  to  industry.  They  teach  the  sovereign  power 
of  mathematical  certainties,  of  method,  and  of  order,  of  which 
they  are  the  pure  expression.^ 

Frederic  Winslow  Taylor  (Fig.  1)  was  born  in  1856,  in 
Germantown,  Pennsylvania,  and  died  in  Philadelphia  on  the 
21st  of  March,  1915.  From  the  position  of  a common  porter, 
lie  gradually  rose  to  the  dignity  of  engineer,  and  then  to 
that  of  factory  manager.  His  persistent  industry  and  his 
great  technical  and  practical  intelligence  quickly  caused 
him  to  be  appreciated  ; while  his  original  work  in  the  economic 
domain  made  him  famous  all  the  world  over,  and  brought 


* See  Le  Moteur  Humain,  pp.  343,  496,  ei  seq.,  and  H.  Le  Chatelier  in  the 
Revue  de  Metallurgies  p.  185,  April,  1915. 
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him  legitimate  wealth.  He  was  the  first  to  succeed  in  organ-  are  required  in  the  use  of  a given  tool  oi  a given  process,  and 

ising  human  labour  in  a rational  and  scientific  manner.  what  movements  should  be  dispensed  with,  as  they  are 

To  attain  this  object,  he  entered  upon  two  simultaneous  j usually  made  without  reflection,  and  are  consequently  without 

undertakings:  profit.  Those  movements  which  are  useful  should  be  performed 


in  a minimum  time,  and  other  movements  should  be  avoided. 

To  satisfy  this  law  of  economy  Taylor  had  to  time  the  different 
actions  and  movements  of  the  worker,  retaining  only  those 
whose  efficacv  was  not  doubtful.  And  as  all  those  enlisted  by 
industry  could  not  break  themselves  in  to  this  mode  of  activity, 


1.  Organisation  of  plant. — ■ 
First  of  all,  it  was  necessarv 
to  constitute  a highly  per- 
fected plant  or  equipment, 
which  should  reahse  the 
form,  the  dimensions,  the 
weight,  and  the  quality  cal- 
culated to  result 
work.  It  was 


Preparation 


necessary 
to  undertake  the  scientific 
investigation  of  this  par- 
ticulai  point ; but  such 
investigations  are  almost 
always  refused  by  the 
manufacturer,  because  they 
cost  him  monev,  and  he 
does  not  perceive  their 
immediate  utility. 

T a 1 0 r managed  to 
triumjih  over  this  reluct- 
to  spend  more  than  £40,000  in 
iring  a period  of  nearly  twenty-five 
and  assuredly  time  and  money  could 
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Fig.  1. — F.  W.  Taylor  (lS5*)-191o) 


Execution 


Worker: 


Fig.  2. — Scheme  of  the  Taylor  System  of  Organisation 


he  retained  only  the  more  capable.  So  that  timing  and  selec- 
tion are  the  two  characteristics  of  the  Taylor  method. 

For  example,  the  handling  of  a casting  is  in  question. 
The  time  required  for  this  operation  will  be  analysed  as 
follows  : removing  the  casting  from  the  ground  or  stack  ; 
carrying  the  said  burden  ; placing  the  burden  on  the  ground 
or  depositing  it  upon  a stack  ; returning  empty-handed.  The 
analysis  is  made,  as  Coulomb  advised  (p.  111.),  as  a result 
of  the  examination  of  a capable  and  healthy  worker,  paid  by 
the  piece,  who  is  taken  as  a model,  and,  to  a certain  extent, 
as  a standard. 


z.  itrganisaiion  of  Laoour. — It  was  then  necessary  to  form 
a stall  adapted  to  this  technique  and  these  conditions  of 
speed ; a staff,  consc(|uentIy,  of  whicli  each  member  was 
really  in  liis  right  place,  whether  he  gave  orders  or  obeyed 
them  ; and  it  was  necessary  to  train  this  staff.  This  was  a 
most  diflicult  task,  but  Taylor’s  tenacity  was  victorious. 

As  for  instructions  relating  to  the  pnqiaralion  and  execu- 
tion of  work,  these  were  given  in  writing,  on  instruction  cards. 
and  the  workers  were  taught  to  interpret  them  without 
hesitation.  Above  all,  they  were  shown  what  movements 
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The  workers  are  then  trained  by  instructors  with  a view  to 
attaining  the  output  of  the  model  worker  ; both  the  move- 
ments to  be  made  and  the  safeguards  against  delay  being 
recorded  on  the  cards  which  are  given  to  them.  Apprentice- 
ship becomes  rapid  and  methodical,  and  there  is,  in  every 
workshop,  an  intense  functional  life,  in  which  time  is  literally 
money.  The  connection  of  the  various  functions  is  pretty 
well  symbolised  by  the  chart  here  given  (Fig.  2).  It  leaves 
no  room  for  any  cause  of  waste  or  delay.  It  reflects  order  and 
measurement. 


V.  Advantages  of  the  Taylor  System  — In  foundries  especi- 
ally these  principles  yielded  surprising  results.  In  a matter 
as  simple  as  the  removal  of  pigs  of  cast  iron,  the  load  trans- 
ported was  increased  to  47  tons  per  man  per  day,  as  against 
the  usual  12  or  13  tons.  That  is,  the  useful  effort  of  the 
worker  was  multiplied  fourfold. 

But  Taylorism  has  a character  of  universality ; it  can  be 
applied  to  all  branches  of  industry  ; to  industrial,  agricultural, 
and  commercial  work  ; a point  upon  which  especial  stress 
has  been  laid. 

Here  is  an  illustrative  anecdote  : A disciple  of  Taylor, 
the  engineer  Frank  Gilbreth,  having  visited  the  Anglo-Japanese 
Exhibition  in  London,  saw  there  a young  girl  who  was  placing 
circulars  in  blacking-boxes  with  a wonderful  and  instinctive 
dexterity.  He  had  no  sooner  considered  her  task  than  he 
began  to  note  her  movements  and  to  time  them.  Forty 
seconds  were  needed  to  prepare  twenty-four  boxes.  Gilbreth 
then  informed  the  young  woman  that  she  was  not  going  the 
quickest  way  to  work.  Very  sure  of  her  dexterity,  she  scoffed 
at  him,  but  finally  consented  to  omit  the  movements  which 
he  considered  useless.  As  she  was  on  piecework,  she  was 
tempted  by  the  idea  of  increased  wages.  In  a few  days  she 
succeeded  in  handling  the  twenty-four  boxes,  not  in  forty 
seconds,  but  in  twenty-six.  She  admitted,  moreover,  that  the 
work  seemed  less  fatiguing. 

Little  things  teach  important  lessons. 

The  American  method,  then,  possesses  an  educative  virtue  ; 


I 


HUMAN  LAHOl^R — ITS  HISTORY  AND  ITS  DOCTRINES  J 

it  comprises  incontestable  scientific  truths.  It  is,  in  a word, 
method  ; that  is  to  say,  order  and  harmony. 

The  worker  who  moves  to  the  right  and  the  left  in  search 
of  his  tools,  who  is  forever  coming  and  going,  repeating  the 
same  process  day  by  day,  while  his  work  awaits  his  con- 
venience; the  manufacturer  who  refuses  to  introduce  those 
changes  in  his  staff  and  his  plant  which  his  works  require  ; 
and  the  man  who,  in  his  office,  is  constantly  misla\ing  his 
pen,  or  his  notes,  or  a letter  received  ; are  they  not  living 
examples  of  the  rule-of-thumb  and  the  lack  of  oidei  which 
Taylor  condemned  ? 

Henceforth  the  uneconomical  results  of  the  ordinary  clumsi- 
ness of  human  beings  are  plainly  evident.  Gieat  and  small 
may,  in  the  light  of  this  doctrine,  follow  a scientific  discipline 
and  enter  upon  the  true  apprenticeship,  the  apprenticeship  to 
order.  Beginners  will  not  fatigue  themselves  in  vain  ; they 
will  quickly  become  adroit  and  skilful  in  their  craft.  Any 
man  engaged  upon  piecework,  and  anxious  to  inciease  his 
earnings,  is  thus  won  over  to  the  method,  do  be  sure,  selec- 
tion can  only  be  effected  by  means  of  elimination  ; and  many 
workers  who  would  like  to  adopt  this  or  that  calling  find 
themselves  ousted  by  men  more  capable  than  themselves. 
However,  they  are  not  necessarily  reduced  to  poverty.  As 
Taylor  remarks — and  his  words  are  even  truer  to-day — 
“ There  is  at  present  such  a demand  for  labour  that  no  work- 
ing-man is  forced  to  be  idle  for  more  than  a day  or  two ; so 
that  the  less  capable  workers  are  not  more  unfortunate  than 
before.  Instead  of  pitying  them  we  ought,  on  the  contrary, 
to  congi’atulate  ourselves,  and  rejoice  that  a great  number 
of  valuable  workers  have  at  least  the  chance  of  earning  high 
wages,  and  of  progressing  towards  prosperity.” 

VI.  Criticisms  of  the  Taylor  System. — Taylor’s  system  of 
organisation,  admirable  as  it  is,  lies  open  to  certain  criticisms 
which  apply  not  to  it  alone,  but  to  all  the  mechanical  theories 
of  human  labour,  whose  elucidation  we  have  postponed  to 
the  present  moment. 

1.  The  Taylor  system  lacks  elasticity.— Xn  extremely  strict 
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adaptation  of  the  man  to  his  task,  and  a differentiation  of 
the  various  departments  of  labour,  which  is  carried  to  great 
lengths,  and  is  at  the  same  time  extremely  derinite,  are  justified 
in  theory,  but  in  practice  they  are  impossible,  if  we  reflect, 
on  the  one  hand,  that  a more  urgent  demand  is  made  of 
labour,  and,  on  the  other  hand,  that  the  lafter  tends  to  become 
less  plentiful.  We  are  therefore  obliged,  to  some  extent,  to 
exercise  less  severity  in  selecting  workers,  and  to  compromise 
in  the  matter  of  qiialilij — which  we  require  to  be  of  a superior 
degree— in  order  to  obtain  the  desired  qiianlilij.  We  are  not 
only  obliged  to  do  so  ; we  ought  to  relax  t he  principles  of  the 
system,  unless  we  wish  to  deny  the  fact  of  adaptability  and 
the  influence  of  the  will.  A given  worker,  who,  during  a first 
test,  does  not  seem  suitable  as  a Tavlorian  model  or  standard, 
will  become  so  by  force  of  application.  In  the  province  of 
art  we  might  instance  the  case  of  the  great  Rachel,  whose 
vocation  would  have  been  destroyed  by  the  application  of 
Taylorism.  Vocation  is  precisely  the  word : the  American 
principles  discourage  the  fulfilment  of  a vocation,  for  the 
latter  comjirises  a non-mechanical  element  which  escapes 
calculation  and  prevision. 

In  other  words,  a civilised  man,  even  though  imperfectly 
educated,  possesses  reserves  of  moral  energy  which  may 
enable  him  to  overcome  many  difficulties,  and  accelerate  the 
process  of  shaping  him  as  a worker. 

We  cannot  entirely  disregard  these  reserv'es. 

The  Taylor  system,  therefore,  is  wanting  in  elasticity  ; at 
all  events,  it  should  not  be  too  rigidly  framed. 

2.  The  Taylor  system  is  incomplete. — Even  if  one  were  to 
form  model  workers  in  conformity  with  the  rules  of  the  Taylor 
system,  a serious  problem  would  still  remain  to  be  solved. 
The  selection  of  workers  and  implements  enables  us  only  to 
improve  technique  and  to  increase  production.  But  we  are 
not  told  how  the  human  organism  is  to  be  protected  from 
overstrain,  and  what  are  actually  the  physiological  conditions 
under  which  the  best  work  is  performed.  Like  La  Hire, 
Amontons,  and  Coulomb,  Taylor  considered  only  a part  of 
the  human  machine — that  which  performs  work  ; in  other 
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words,  the  instrument.  He  neglected  the  other  portion  of  the 
whole,  from  which  the  implement  receives  its  motive  force, 
and  which,  on  this  account,  we  will  call  the  motor. 

The  receiving  instrument  and  the  motor  must  not  be 
separated  when  the  productive  value  of  the  machine  is  under 
consideration  ; and  in  the  human  worker  especially  they  are 
inseparable.  In  him,  above  all,  the  output  of  the  motor  is 
considerably  modified,  if  it  is  nourished  with  good  fuel  and 
punctually  relieved  of  the  waste  products  which  clog  it ; if  it 
is  worked  at  a given  speed,  and  under  a given  load,  rather 
than  at  other  speeds  and  under  other  loads ; and  if  it  is  placed 
in  an  environment  which,  so  far  from  impeding  its  functioning, 

tends,  on  the  contrary,  to  favour  it. 

The  Tavlor  svstem  is  admirably  dertsed  for  training  the 
human  implement  to  work  rapidly,  and  at  its  best , but  it 
gives  us  no  information  relating  to  the  motor,  properly  so  called. 

The  American  engineer  admits,  for  example,  that  he  has 
observed  signs  of  “ very  great  fatigue,”  in  the  women  who 
sort  the  balls  for  bicycle  bearings.  Forced  to  perform  work 
very  quickly,  and  with  very  greal  atlenlion,  these  women  are 
unable  to  adapt  themselves  to  this  kind  of  labour  in  a greater 
proportion  than  35  out  of  120.  The  rest  have  to  relinquish 
it  or  thev  are  threatened  with  nervous  exhaustion. 

The  increasing  part  played  in  modern  labour  by  this  close 
attention,  and  by  skill  and  dexterity,  increases  the  exhaustion 
of  the  nervous  centres,  of  cerebral  energy,  concerning  which 
—and  it  is  the  same  with  muscular  energ\' — Taylor  gives  us 
no  exact  information.  But  his  great  experience  of  men 
enabled  him  to  avoid  many  dangers.  The  result  was  certainly 
admirable,  and  it  would  inspire  confidence  if  every  engineer 
had  an  instinct  equally  sure.  Observations  as  to  the  degree 
of  fatigue  produced,  made  at  a glance,  cannot  replace  objective 
tests  and  measurements,  nor  supply  the  place  of  the  physio- 
logical conditions  which  ought  to  govern  human  activity. 

And  of  what  value  would  such  observations  be  to-day,  in  the 
case  of  the  work  performed  by  war-cripples  ? The  physio- 
logical limitation  of  great  numbers  of  persons  of  this  class, 
the  necessity  of  utilising  them  in  good  earnest,  and  the  social 

J 

1 


PITMAN  LABOTR ITS  HISTORY  AM)  ITS  UOCIRINRS  .> 

measurable;  the  energy  of  thought,  mysterious  iii  its 
ce,  aud  infinitely  varied  in  its  manifestations 
is  was  verified  in  the  magnificent  laboratories  which 
established  in  Boston  by  the  generosity  of  Mr.  Carnegie. 
caiorimelrk  chamber,  about  15ft.  square,  and  of  about 
ame  height,  is  arranged  for  the  reception  of  the  human 
'Flip  nir  sunnlv  is  so  devised  that  it  can  be  analjjsed 
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problem  created  by  their  employment  in  industry,  demand  a 
completer  system  of  scicntilic  control,  a system  capable  of 
analysing  all  the  factors  of  human  energy. 

For  these  reasons  the  American  doctrine,  despite  its  exact 
technique,  illuminated  by  the  radiance  of  mathematical 
research,  is  nevertheless  incomplete,  because,  like  the  experi- 
ments of  the  older  physicists,  it  does  not  take  the  physiological 
data  into  account,  nor  does  it  define  the  normal  output  of  the 
human  motor. 


VII. — B.  Physiologic.\l  Research. — With  better  judgment 
than  the  mechanists,  the  physiologists  turned  their  attention 
to  the  exchanges  of  energy  of  which  the  living  organism  is 
the  theatre,  whether  during  work  or  repose.  In  all  forms  of 
human  activity  there  is  a consumption,  an  expense  of  energy, 
w'hich  draws  upon  the  reserves  of  our  body-cells,  at  the  expense 
of  alinieniation. 

This  energy,  the  “ vital  forces  ” of  the  older  WTiters,  the 
physiologists  are  able  to  measure.  A simple  comparison 
will  make  this  clear. 

The  steam-engine,  for  example,  develojis  pow'er  and  heat 
by  burning  a combustible,  oxydising  it  by  means  of  the  active 
gas  of  the  atmosphere,  oxygen.  It  is  obvious  that  the 
expenditure  of  energy,  instead  of  being  estimated  in  terms  of 
carbon,  might  just  as  well  be  expressed  in  litres  of  oxygen, 
the  quantity  of  this  gas  being  strictly  proportional  to  the 
quantity  of  fuel  which  it  transforms,  with  the  evolution  of 
heat  and  work. 

Similarly,  we  observe  in  the  body  of  the  animal  a trans- 
formation of  the  food  absorbed,  bv  the  action  of  the  oxvgen 
respired,  together  with  the  production  of  muscular  and 
nervous  w'ork  and  heat.  Skilful  experimenters,  such  as 
Chaveau,  in  France,  educed  the  positive  proof  that  the  animal 
is  the  theatre  of  the  same  operations  as  those  which  are 
effected  in  heat  engines,  although  we  then  knew  nothing  of 
the  nature  of  vital  combustion. 

Energy,  in  its  manifold  aspects,  originates  in  these  extensive 
phenomena  of  oxidation  : the  energy  of  our  muscles,  visible 
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It  is  even  possible  to  iiiCRsurc,  witli  grout  exactitude,  the 
heat  radiated  by  the  body  of  the  subject.  The  whole  installa- 
tion, which  was  described  in  our  volume.  The  Human  Motor 
(Lc  Motenr  hnmain,  p.  199),  cost  more  than  £ 10,000  (Fig.  3). 

Experiments  which  were  ably  directed  by  IMessrs.  Atwater 
and  Benedict  proved  that  the  quantity  of  oxygen  consumed 
is  strictlv  regulated  bv  the  amount  of  energy  produced,  the 
latter  being  measured  in  calories.^ 

1 The  large  calorie  is  in  this  case  the  (}iiantity  of  heat  required  to  raise  the 
temperature  of  1 litre  of  inire  water  from  0°  to  1°  Centigrade.  To  estimate  the 
lilogrnm-metres  of  work  in  the  same  unit,  divide  the  former  by  426,  there  being 
an  eipiivalence  between  426  kilogram-metres  of  work  and  1 calorie. 
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One  litre  of  oxygen  is  equivalent  to  t-9  calories  : tliat  is  to 
sa\ , the  various  foodstuffs  burned  by  that  amount  of  oxvgen 
in  the  cells  of  the  body  develop  as  mucli  lieat  as  about  two- 
thirds  of  a gramme  of  coal. 

belts,  sugars,  and  albumins  are  concentrated  in  the  micro- 
scopic furnaces  of  the  human  machine,  under  the  conlinual 
insufllation  of  oxygen,  and  liberate  energv.  Hence  the 
heat  which  maintains  the  constant  temjierature  of  the  body, 
a temperature  of  98-1°  Fahr.  (almost  exactly  37°  Cent.”)’ 
and  muscular  labour.  We  shall  explain  furtlier  on  how  it 
I is  possible  to  measure  at  any  moment,  every  minute  if  desired, 

the  consumption  of  respired  oxygen,  and  to  follow  the  varia- 
tions of  energy  which  the  organism  displays  under  any  difl’erent 
set  of  circumstances.  Nothing  could  be  more  reliable  or  more 
practical  than  the  method  emploved. 

On  the  other  hand,  physiology  turns  its  attention  to  analys- 
I ■!  ing  the  phenomena  of  fatigue,  and  the  manner  in  which  they 

affect  the  output  of  nervous  and  muscular  energv,  the  functions 
• of  circulation  and  respiration,  and  the  production  of  organic 

poisons,  or  auto-intoxication  ; and  it  aims  at  delining  the 
normal  limits  of  this  fatigue,  in  order  that  over-exertion  mav 
be  avoided  with  certainty. 

We  have  here,  therefore,  a profounder  and  more  exact 
; ' science  than  the  purely  mechanical  method.  This  explains 

I j why  it  was  recommended  in  the  dawn  of  enenjetics  bv  the 

j , founders  of  that  doctrine  : Him,  de  (iolmar,  and  Helmholtz 

^ (1848,  1854). 

' VIII.  Lavoisier — But  it  must  be  remembered  that  the 

I most  ingenious  chemist  of  modern  times,  Lavoisier, ^ initiated 

j the  era  of  the  measurements  and  investigations  of  which  we  are 

j speaking  (Fig.  4).  He  established  the  relation  between  the 

I oxidation  of  the  body  and  the  jiroduction  of  “ energies.” 

I W5th  his  collaborator  Seguin  as  subject,  he  determined  the 

i quantities  of  oxygen  respired,  during  repose  and  during 

j , labour.  With  his  face  covered  by  a “respirator  mask,” 

! * Antoine-Laurent  Lavoisier,  born  in  Paris  in  1743;  died  under  the  i^uillotine 

in  1704. 
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human  LABOUH — ITS  HISTOHA'  AND  ITS  DOCTBINES  15 

Seguin  at  first  remained  motionless  ; tben,  for  a quarter  of 
aiHiour,  he  raised  a weight  attached  to  his  feet  (Fig.  5). 


Fio.  4. — Lavoisier  (1743-1704). 


From  these  observations  Lavoisier  drew  the  following 
important  conclusions,  which  cannot  too  often  be  quoted  : 


lU'MAN  LAHOI  H ITS  IIISTOllY  AM)  ITS  DOCTHINKS  1.) 

n at  lirsl  roiiuiinod  inolionlcss  ; llicn.  for  a cjuartor  of 
)iir,  he  raised  a weiglit  allached  lo  Ids  feet  (Fig.  a). 


mi-;  i*insi()i.()(;v  oi-  imh  sthiai,  ohoamsation 


Une  litre  ol  oxygen  is  eciuivaleiil  lo  1-9  calories  : lhal  is  Ic 
sa\,  tile  various  ioodsLulls  l)urned  by  llial  ainounl  of  oxygen 
in  the  cells  of  the  body  develop  as  nuich  heat  as  about  Wo- 
thirds  of  a grainine  of  coal. 

Fats,  sugars,  and  albumins  are  concentrated  in  the  micro- 
scopic furnaces  of  the  human  machine,  under  the  continual 
insnillation  of  oxygen,  and  liberate  energv.  Hence  the 
heat  which  maintains  the  constaid  tem])cratnre  of  the  body, 
a teni])cratnre  of  9<S- 1 Fahr.  (alinosl  exactly  97  Cent.),' 
and  muscular  labour.  We  shall  explain  further  on  how  it 
is  possible  to  measure  at  any  moment,  evciy  minute  if  desired, 
the  consumption  ol  rcsj)ired  oxygen,  and  lo  follow  the  vai’ia- 
tions  ol  energv  which  Ihe  organism  displays  under  jinv  dilTcrent 
set  of  circumstances.  Nothing  could  be  more  vcUablc  or  more 


Fk;.  4. — l^ivoisiiT  ( 174’J-I7^I4) 


From  Lliosc  ol)scrvations  Lavoisier  drew  the  following 
imporlant  conclusions,  which  cannot  too  often  be  quoted  : 
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Observatioiis  of  this  class  lead  to  the  coinparison  of 
the  action  of  forces  between  which  there  would  seem  to  be 
no  relation.  One  can  discover,  for  example,  the  weight  in 
pounds  corresponding  to  the  efforts  of  a man  delivering  a 
speech,  or  a musician  playing  an  instrument. 

One  might  even  estimate  the  mechanical  component 
(ce  quil  ij  a de  mecaniqiie)  in  the  effort  of  the  philosopher 
meditating,  the  man  of  letters  writing,  or  the  musician  com- 
jiosing.  these  efforts,  which  are  regarded  as  being  purely 


tiG.  5. — Lavoisier’s  experiment  upon  Seguin. 


mental,  have  m them  something  physical  and  material,  which 
enables  us,  in  this  respect,  to  compare  them  with  those  of 
the  labourer.  So  it  is  with  a certain  justice  that  the  French 
language  has  confused,  under  the  common  denomination  of 
iravail  (work,  labour),  the  efforts  of  the  mind  with  those  of 

the  body,  the  work  of  the  office  and  the  study  with  the  work 
of  the  hired  labourer.”  ^ 

Ihese  lines,  WTitten  in  1789,  contain  the  whole  physiolog- 
ical doctrine,  m its  remotest  applications.  It  will  be  seen 
hoA\  feitile  it  is  ; it  does  not  exclude  mechanical  measure- 
ment ; on  the  contrary,  it  includes  it,  as  an  element  of  a higher 
and  completer  truth  : the  evaluation  of  vital  energy. 

‘ Lavoisier,  CEuvres  completes,  11.,  p.  688  (auUiorised  edition). 
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IX. — The  question  of  money  is  not  the  only  matter  in 
dispute  between  capital  and  labour.  Human  life  must  be 
safeguarded. 

In  order  to  organise  movement,  bodily  and  mental,  and 
to  avoid,  with  certainty,  irregularity  and  waste,  it  is  there- 
fore essential  to  possess  a knowledge  of  the  laws  of  active 
life.  These  laws  have  acquired  an  even  greater  importance 
since  the  events  of  the  war  have  extended  the  domain  to 
which  they  are  applicable.  For  humanity  has  been  crushed 
and  bruised  ; its  wounds  are  barely  cicatrised  ; mutilation 
has  reduced  the  social  value  of  millions  of  workers  ; organic 
defects,  which  we  must  learn  to  detect,  have  been  produced, 
and  moral  sufferings  exist  whose  profound  repercussions  we 
must  learn  to  understand. 

Let  us  get  closer  to  the  heart  of  the  problem.  The  coming 
generations  must  be  healthy  and  vigorous  ; the  activity  of 
youth  must  be  organised.  The  generations  about  to  pass 
away  must  counsel  youth,  must  guide  it  by  the  light  of  their 
experience  and  their  virtues.  Ihe  duty  of  science  is  theiefoie 
to  investigate  the  best  conditions  of  life  and  work. 

It  is  unhappily  v'ery  true  that  the  majority  of  our  ills 
are  caused  by  ignorance,  and  often  by  our  weakness  of  will. 
The  capital  of  our  energies  ought  not  to  become  exhausted 
until  the  remotest  period  of  old  age,  if  only  we  understood 
how  to  live  in  a temperate  and  orderly  fashion.  We  shall  do 
otherwise  at  our  own  cost.  This  is  why  a knowledge  of  the 
functions  of  the  human  organism  is  the  preface  to  all  physical 
culture,  and  to  all  discipline  in  labour.  It  is  not  a question 
of  describing  in  detail  the  innumerable  mechanisms  of  which 
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the  organism  is  composed.  Tlie  physician,  like  the  engineer, 
lias  merely  to  understand  the  inter-relation  of  the  physio- 
logical functions,  and  their  co-ordination  in  that  finer  harmony 
which  constitutes  health.  The  normal  state  and  the  patho- 
logical condition  ; the  predispositions  which  exercise  faYours 
or  aggraYates ; the  favourable  and  unfavourable  indica- 
tions, and  the  conditions,  of  a rational  activity — these 
are  the  elements  which  I shall  endeavour  to  assemble  in 
this  book. 

The  principal  functions  include  digestion,  respiration,  and 
eirculation,  which  collaborate  together  in  order  to  form 
reserves  of  energy  ; movement,  which  expends  and  employs 
this  energy ; and  thought,  which  is  a mode  of  movement,  but 
invisible,  and  as  yet  unexplained.  The  solidarity  or  synergy 
of  the  whole  finds  its  outlet  in  the  production  of  energy. 

X.  The  Digestive  Function. — The  digestive  apparatus  is 
represented  by  a group  of  organs  (Fig.  6),  which  are  repre- 
sented in  diagrammatic  form  in  Fig.  7.  We  see  that  apart 
from  the  duct  known  as  the  oesophagus,  by  means  of  which 
nutriment  passes  from  the  mouth  to  the  stomach,  through 
an  average  distance  of  some  eight  inches,  the  whole  of  the 
digestive  organs  occupy  the  lower  portion  of  the  trunk. 
They  are  divided  from  the  upper  portion,  in  which  lie  the 
heart  and  the  lungs,  by  a thick,  wide,  muscular  membrane, 
a sort  of  ceiling,  called  the  diaphragm. 

The  different  portions  of  the  digestive  canal,  apart  from 
the  oesophagus  or  gullet,  are  : the  stomach,  whose  greater 
curvature  rests  upon  the  diaphragm  on  the  left  side,  almost 
vertically  beneath  the  heart,  and  which,  when  greatly  dilated, 
may  incommode  the  left  lung,  and  react  perceptibly  on  the 
central  organ  of  the  circulation  ; the  long  canal  of  the  smail 
intestine,  about  25  feet  in  length  and  1-2  inches  m diameter, 
divided  into  a short,  narrow  passage,  the  duodenum  (about 
5 inches  in  length),  the  jejunum,  and  the  ileum;  which  latter 
portion  opens  into  the  large  intestine  by  the  ileocaecal  valve. 
The  large  intestine  encircles  the  smaller  ; it  is  closed  at  its 
right-hand  extremity  by  a small,  slender  appendix  (the  seat 
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Fig.  — Principal  Organs  of  the  Human  Body. 

eye;  n,  nose;  ?n,  mouth;  M,car;  sub-maxiliary  gland  ; larynx  ; ;.r.,  jugular  vein  ; 
c.a.r.,  c.a.l.y  right  and  left  hand  carotid  arteries;  s.c.n.l.y  right  and  left  sub-clavian 

arteries;  fr.,  tracheal  artery;  6r.c./.,  brachio-cephalic  trunk ; a,  aorta;  7 A. c.,  thoracic  cavity  ; 
R L.l.y  right  and  left  lung ; H,  heart ; liver ; S,  stomach  ; Sp.y  spleen  ; D,  diapliragm  ; 
oes.,  oesophagus  ; r,  rib  ; <7.6.,  gall-bladder ; Co.,  colon;  «.i.,  small  intestine  ; coc.,  caecum  ; 
app.y  appendix ; 6/.,  bladder ; Z.7.,  large  intestine. 
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)endicitis)  supposed  by  Metchnikofl  ^ 
which  will  continue  to  atrophy  until 
Nature  suppressing  everything  that 

has  not  a deter- 
mined function,  for 
she  aims  at  economy 
of  material.  To  the 
left  the  intestinal 
spinal  Column  caiial  becomes  al- 
most vertical  and 
rectilinear,  whence 
the  name  of  rectum 
giv'en  to  this  des- 

Greater  Curvatuna  Ceildillg  pOl’tioil, 

which  finds  its  out- 
let in  the  anus. 

A wide  mem- 
brane, consisting 
of  two  leaves  or 
folds,  one  of  which 
slides  over  the 
other,  envelopes 
the  whole  digestive 
system ; this  is  the 
peritoneum.  The 

movement  of  the  stomach  and  the  intestines  occurs, 
therefore,  without  friction;  it  is  free,  but,  except  in  cases 
of  serious  falls  or  violent  efforts,  it  is  controlled,  and  is 
safeguarded  against  shocks.  The  aliments  absorbed  make 
their  way  through  a canal  with  muscular  walls,  tough 
and  elastic,  which  are  animated  by  progressive  con- 
tractions which  travel  toward  the  anus.  This  peristalsis 
is  very  rapid  during  the  act  of  swallowing ; it  is  slow 
in  the  stomach,  where  the  food  is  allowed  to  remain  for 
the  necessary  length  of  time  ; it  is  more  rapid  in  the  small 
intestine,  but  occurs  less  frequently  and  with  greater  violence 

^ The  great  Russian  scientist,  assistant-director  of  tlie  Pasteur  Institute,  Paris 
(1845-1916). 
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Fig.  7. — Diagram  of  the  Digestive  System 
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in  the  large  intestine.  By  adding  to  the  food  a little  sub- 
nitrate of  bismuth  the  digestive  canal  may  be  rendered  visible 
by  means  of  the  X-rays,  when  its  movements  may  be  studied 
by  means  of  radio-chrono-photography  ^ ; it  is  then  seen  that 
the  passage  of  food  through  the  oesophagus  alone  occupies 
six  seconds,  2 but  it  remains  in  the  gastro-intestinal  organs  for 
from  one  to  several  hours. 

During  these  different  stages  are  effected  the  chemical 
operations  of  digestion,  under  the  action  of  the  juices  secreted 
by  the  internal  mucous  membrane  of  the  walls  of  the  stomach 
and  intestines,  aided  by  the  oscillatory  movements  of  the 
organs  themselves,  and  still  more  by  the  fluid  secretions 
poured  into  them,  in  the  region  of  the  duodenum,  by  the 
special  qlands  attached  to  the  digestive  canal  : the  Uver, 

situated  to  the  right  of  the  stomach,  furnishes  the  biliary 
secretion,  a potent  factor  in  the  transformation  of  fats  and 
in  antitoxic  processes  ; while  into  the  duodenum  also,  and  at 
almost  the  same  point,  flows  the  pancreatic  juice,  whose 
chemical  action  upon  alimentary  substances  is  vaiied  and 

energetic. 

It  is  enough  to  mention  these  products  of  the  abdominal 
factory,  together  with  the  secretion  of  the  salivary  glands,  to 
give  an  idea  of  the  various  stages  and  the  total  duration  of 

the  phenomenon  of  digestion. 

Nothing  should  disturb  or  impede  the  digestive  process, 
either  in  its  internal  conditions,  which  are  dependent  upon 
the  choice  and  the  quantity  of  the  foodstuffs  taken,  or  in  its 
external  conditions,  which  are  normally  realised  by  protection 
against  cold  and  fatigue. 

But  an  interesting  discovery,  due  to  the  Bussian  scientist 
PavlolT,  throws  upon  this  collection  of  facts  the  light  of  a 
doctrine  which  might  almost  be  called  philosophical.  Pavloff 
states  that  the  nature  of  the  gastric  juice  is  always  adapted  to 
the  nature  of  the  food  to  be  digested.  The  mere  sight  of  this  food, 
or  the  imaginary  conception  of  it,  produces  the  same  result,  and 

> J.  Carviillo,  Arrhivio  dit  Fisivlogia  (Com'pte  rendu  du  Congr'es  de  Heidelberg 
1907,  Vol.  V.,  p.  97,  11M18). 

® Meltzer,  Ceniralb  f.  Med.  Wissensch.,  pp.  1-4,  1883. 
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ilie  psjfchic  secrclion  is  more  aclive  and  abundant  than  the 
secretion  produced  bij  the  direct  contact  oj  the  substance. 

Tile  old  saying  as  to  food  “ making  one’s  mouth  water  ” 
is  therefore  not  a nonsensical  adage  : the  entire  culinarv 
art,  of  sauces,  and  seasonings,  and  llie  preparation  of  food  in 
general,  tends  to  provoke  these  psychical  interventions,  which 
stimulate  the  ap])etite  and  facilitate  the  work  of  digestion. 
To  eat  one’s  food  “ too  quickly  to  get  tlie  taste  of  it,”  is  a 
fault  which  is  known  as  taclujphagia.  Our  manifold  occupa- 
tions have  created  it,  to  the  detriment  of  our  health.  One 
should  take  one’s  time  to  masticate  one’s  food  and  enjoy  its 
llavour.  It  is  time  usefully  employed. 

When  the  whole  series  of  phenomima  which  commence 
with  the  work  of  the  teeth  (mastication)  and  are  terminated 
by  the  work  of  the  intestines  is  completed,  when  all  the  useful 
and  essential  portion  of  the  food  taken  has  been  extracted  and 
the  residue  evacuated,  a complex  product  is  formed  : the 
chute,  which  has  a milky  appearance  and  contains  most  of  the 
fatty  material  derived  from  the  meal.  Xumbers  of  little  suckers 
or  lillers,  the  inlli  and  lacteals,  pump  it  through  the  intestinal 
wall.  They  conduct  it,  through  the  thoracic,  duct,  to  the 
blood,  which  carries  the  fatty  material  to  all  parts  of  the 
body.  The  excess  is  stored  up  eventually  in  the  cells  of  adi- 
pose tissue.  Meanwhile,  the.  saccharine  and  albuminous 
materials  have  been  absorbed  more  directly  into  the  blood 
in  the  intestinal  wall,  by  which  they  are  carried  to  the.  liver, 
the  sugars  being  there  deposited  in  the  form  of  givcogen 
as  a reserve  of  carbohvdrale  material,  d'he  aIl)uminous 
materials — now  in  the  form  of  amino-acid.s — ai’e  taken  to  the 
various  cells  of  the  body,  and  used  in  rebuilding  their  substance, 
the  blood  will  carry  oil  the  ])i'oducls  of  combustion:  urea, 
water,  carbonic  acid  gas,  and  vai'ious  more  or  less  to.vic 
bodies.  These,  are  carried  in  the  blood  to  the  kidneys,  which 
separate  some  of  them,  and  to  the  lungs,  which  expel  the 
carbonic  acid  gas.  The  urine  then  tills  the  bladder,  and  is 
finally  eliminated. 

We.  must  avoid  retarding  the  renal  imrilicalion  of  the 
blood,  for  this  cleanses  the  organism  ; the  use  of  fresh. 


THE  OHGA.NTC  KE.XCTIONS  OK  MA.N 


wholesome.  Avaler  as  a beverage  admirably  fulfils  this  service. 
Xeithcr  must  we  embarrass  the  stomach  by  .substances  whicb 
it  could  not  easily  digest,  or  Avhich  irritate  it.  Let  us  beware 
of  abusing  the  relincd  cookery  to  which  our  palates  are  accus- 
tomed ; let  us  protect  the  stomach  against  alcohol  and  spirit- 
uous liquors,  'riiiis  the  normal  cycle  of  the  phenomena  of 
digestion  will  be  rendered  possible.* 

XI.  The  Respiratory  Function. — We  must  now  consider 
another  cvcle  ; one  which  is  almost  invisible,  but  no  less 
indispensable  to  life,  'fliis  is  the  cycle  of  the  atmospheric 
o.xijgen,  a gas  whose  function  it  is  to  burn  all  combustible 
matters,  and  whose  consuni])tion  in  the  heart  of  the  body- 
cells  is  regulated  by  the  suj)ply  of  aliment.  Oxygen  exists 
in  the  air  which  we  breathe  in  the  proportion  of  21  ]>arts  to 
79  of  nitrogen  ; that  is,  it  forms  about  one- fifth  part  of  the 
volume  of  the  air  inbreathed.  It  enters  the  lungs  by  passing 
through  the  nasal  cavity,  the  mouth,  the  pharynx,  the  larynx, 
tlie  windpipe,  and  the  bronchial  tubes  (Fig.  b)  : it  is  dis- 
tributed among  an  enormous  number  (about  two  thousand 
millions)  of  pulmonarij  vesicles,  like  so  many  microscopic 
])OCkets  ; and  in  these  it  linds  the  line  ramifications  of  the 
blood-vessels.  The  membrane  interjiosed  between  the  blood 
and  the  air  is  no  more  than  a hundredth  j)art  of  a millimetre 
in  thickness  (1-25U0  inch).  The  oxygen,  by  virtue  of  its  proper 
tension,  jiasses  through  the  membrane  and  fixes  itself  in  the 
blood,  which  thus  becomes  its  universal  vehicle,  or,  in  the 
words  of  Claude  Bernard,  ” its  internal  environment.” 
Hesjiiration  elTects  the  gaseous  exchange  by  which  the  blood 
saturates  itself  willi  oxygen  and  rejects  the  carbonic  acid 
gas  derived  from  cellular  combustion.  It  comprises  the 
two  phases  of  inspiration  and  e.rpiraiion,  which  are  inanilested 
by  the  dilatation  of  the  lungs  and  the  whole  thorax  during  a 
first  period  of  lime,  and  the  cessation  of  this  dilatation  during 
the  second  period,  which  is  usually  longer  than  the  first. 

' J.  P.  Pavloff,  Le  Travail  rfe.s  ylandes  digealives,  })a.ssim  ; Paris,  PJOl  ; — A.  P. 
Hornborg,  Sktind.  Arch,  f,  physioL^  \’ol.  X\.,  p.  209,  1904;  this  writer  verities 
Pavlotl's  laws  relating  to  the  digestive  system  of  man. — For  details  as  to  earlh- 
eating tribes,  see  Le  Moteur  llumain,  p.  180. 
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In  order  that  the  thoracic  cavity  may  tluis  increase  its 
volume,  the  diaphragm  sinks  downward,  pressing  on  the 
stomach,  and  the  ribs,  rotating  upon  Iheir  articulations,  are 
raised  and  expanded.  The  resnlt  is  an  increase  of  the  vertical, 
lateral,  and  antero-posterior  diameters  of  the  thorax,  due 
to  the  coml)ined  and  regulated  action  of  the  I’espiratory 
muscles.  The  amplification  due  to  the.  movements  of  the 
I'ihs  is  greater  than  that  caused  by  the  diaphragm,  the  ratio 
being  about  two  to  one.  'I’his  is  particularly  marked  in 
women,  partly  on  account  of  the  organs  of  generation,  and 
partlv  on  account  of  the  whims  of  fashion  that  is,  corsets. 
In  the  female  savage  the  movements  of  the  diaphragm  are 
much  more  extensive.  At  each  inspiration  the  adult  man 
draws  half  a Hire  of  air  (-88  of  a pini)  into  his  lungs,  and  he 
renews  it,  while  at  rest,  some  15  or  IG  times  per  minute, 
'riius  at  least  ten  cubic  inelres  (more  than  two  thousand  gallons) 
of  air  are  daily  brought  into  contact  with  the  blood  in  circula- 
tion. When  continuous  work  is  being  done,  whether  in  the 
performance  of  manual  labour  or  in  playing  games,  the 


consumption  of  oxygen  and  the  activity  of  the  entii'e  respira- 
torv  apparatus  is  increased,  and  the  ventilation  of  the  lungs 
attains  the  rate  of  30  to  50  respirations  j)er  minute,  dis])lacing 
a volume  of  air  two  or  three  times  as  great  as  before.  There 
is  an  excitation  of  the  nervous  centres  of  the  spinal  cord 
in  the  region  of  the  medulla  oldongala,  due  to  I he  arrival  of 
blood  rich  in  carbon  dioxide  and  oxygen  intermixed.^ 

Under  these  conditions  of  activity  the  thoracic  movements 
and  the  pulmonary  ])assages  must  be  thoroughly  free.  Certain 
pathological  coiulitions  affect  the  muscles  entrusted  with 
these  movements,  or  limit  the  capacity  of  the  lungs  (paralysis, 
]deurisy,  pnenmonia)  ; they  give  rise  lo  early  or  immediate 
fatigue,  bight  clothing  must  be  avoided,  as  well  as  fault v 
attitudes  of  the  bodv. 


Such  conditions  as  these  produce  a very  irregular  venlila- 
tion  of  the  lungs  during  the  peid’ormance  of  work  : the  rhythm 
of  respiration  will  be  rajiid,  and  the  res])iration  itself  will  be. 
superficial.  In  such  a case  the  gaseous  exchanges  are  in- 


‘ C.  Foa,  Archiriff  (U  Fmologia^Xo].  ]>.  XMu 
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sullicient  : a condition  known  as  (hispnocn.  It  occurs  during 
violent  exercise  (bicycling,  mountain-climbing),  as  the  result 
of  anaemia,  or  in  an  atmosphere  poor  in  oxygen  or  rich  in 
carbon  dioxide.  This  last  factor  is  one  which  should  par- 
ticularly be  avoided  ; the  dyspnoea  due  to  carbonic  acid  gas 
is  certain  to  occur  if  the  proportion  of  gas  I'ises  to  one-tenth 
of  the  volume  of  the  air  inbreathed.  But  its  lo.vie  ellects  aie 
perceptible  to  the  nerve-centres  when  the  ratio  is  much 
smaller  : they  are  attributed, ^ but.  I believe,  without  reliable 
proof,  to  the  presence  of  traces  ot  ammonia  in  the  air  expired, 
or  even  to  certain  alkaloid  products.  Bi  own-Seijuard  and 
d’Arsonval  reported  the  presence  of  these  products,  which 
Wcichardt  and  Stroedc  describe  as  kcnolo.vins.-  Despite  the 
investigations  of  these  authorities,  however,  it  must  be 
admitted  that  in  a confined  environment,  in  which  healthy 
persons  remain  for  any  length  of  time,  the  only  factois  to  be 
regarded  as  dangerous  are  heat  and  humidiUj.  Ihis  is  jiroved 
by  the  fact  that  if,  in  such  an  environment,  one  breathes 
through  a tube  communicating  with  a dry,  cool  air-supply, 
one  is  none  the  less  incommoded;  while,  on  the  other  hand, 
if  the  imprisoned  air  be  breathed  through  a tube  by  a person 
outside  the  chamber,  he  feels  no  inconvenience. ^ Hence  it 
is  an  indispensable  precaution  to  ventilate  workshops,  dwelling- 
houses,  liarracks,  etc.,  and  to  ensure  the  (lassage  of  a current 
of  fresh  air  through  them.  Respiration  will  then  replenish 
the  supply  of  oxygen  to  the  circulation  of  the  lungs  and 
diminish  the  depressing  elTect  of  moist  heat. 

XII.  The  Circulation.  The  blood  is  renewed  in  every 
])art  of  the  body,  thanks  to  the  movement  impressed  upon 
it  ])y  the  heart,  and  its  renewal  maintains  the  vitality  of  the 
tissues.  Hverv  cubic  millimetre  of  blood  contains  almut 

FFoimanek,  Arch.  /.  Hygiene,  Vo!.  XXXVlIi..  ]).  1,  HMM) CTarc!enghi, 
Giornnle  //.  R.  Sor.  ItaL  d'  Igiene,  Vol.  XXVI.,  1004. 

2 BrowivScquarcl  and  d’Arsonva’,  Cempfes  rendtts  Acad.  Science.%  Vol.  C\T., 
l>p.  lUO,  Um;  Vol.  CVIIl.,  ]).  2(>7,  1888-0  Wcichardt,  Ueher  Ermudnng.'ik^e, 
2nd  ed.,  Stuttgart,  1012 StroeJc,  Zeiisrh  /.  Schulgis-und-heiUpfle’^e,  Vol. 
XXVL,  |).  735,  1013. 

=*  L.  Hill  and  Flack,  Bull.  mens,  office  infern.  Ilyg.  Puhl.  ^ ol.  A 11.,  p.  i7<>. 
1015. 
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five  iiiillioHS  of  red  corpuscles,  albuminous  and  ferruginous 
elcmenls,  of  wliich  the  base  is  haemoglobin,  and  we  know  that 
oxvi?en  readily  combines  with  Ibis  subslance,  which  thus 
becomes  a reserve  of  energy. 

From  the  lungs,  where  it  is  freed  from  its  carbonic  acid 
gas,  and  enriched  with  oxygen,  the  Idood  flows  toward  the 
left-hand  side  of  the  heart  through  the  pulmonary  veins  (Fig.  9), 
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Semilunar 
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Van  ae  - 
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Body 

Fio.  9. — Diagram  of  the  CircuIatoiT  SVf^tem 


where  il  fills  the  left  auricle.  Bui  this  conlracls,  driving  if 
into  the  left  ventricle,  while  the  communicating  valve,  the 
inilral  valve,  closes.  A jiowerfnl  contraction  of  this  left 
ventricle  drives  the  blood  into  the  great  arterv  known  as  the 
aorta,  with  its  numerous  branches  : carotids,  jugulars,  renal 
aiul  iliac  arteries,  etc.  (big.  <S).  Tliis  is  the  irrigating  system 
by  which  all  our  organs,  whether  their  output  be  physical 
force  or  thought,  are  replenished.  The  blood  dilTuses  its 
nutritive  jirincijiles  through  them,  and  carries  olT  the  waste 


Fig.  8. — The  Circulatory  System. 

II,  heart ; I),  di;ii)lirac:ni ; a.r.,  n.L,  riuht  and  loft  auridos  : T’.r.,  right  ventricle  ; A,  aorta 
(’.a  , carotid  arteries  ; s.c.a.r.,  right  subclavian  artery  : r a.,  renal  artery  ; I.n.,  iliac  arteries 
piiliuonary  artery  ; s.wc.,  in.r.c.,  superior  and  inferioi  venae  cavae ; i.v.,  iliac  veins 
t./.r.,  e./.r.,  internal  aihl  extern  d jugular  veins  ; th.d.,  thora-  ic  duct. 
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proclucls  of  vital  conihuslion.  Beinij  tiien  vitiated,  with  its 
haeinoglol)in  partially  de-oxidised,  the  blood  relunis  lo  the 
heart  bv  the  nenae  cnvac.  It  is  reeeived  bv  the  ri<»ht  auricle, 
which  immediately  urines  il  into  the  right  ventricle,  and  from 
this  it  proceeds  to  the  limgs,  for  a fresh  purification,  'fliere 
is  thei'efore  a third  cycle,  that  of  the  blood,  to  add  to  the  cycles 
of  respiration  and  digestion.  'I'hey  ensure  an  incessant  move- 
ment of  material  through  the  body,  and  parallel  to  this,  a 
movement  of  c/im///.  The  normal  condition  retpiires  that 
this  stream  of  material  shall  be  as  pure  and  regular  as  possible  ; 
that  it  shall  make  up  for  losses  and  •e-establish  the  pitch  or 
level.  If  this  be  so  neither  the  mass  nor  the  power  of  the 
human  machine  varies  ; the  man  is  in  a state  of  equilihrium. 

The  function  of  the  heart  is  all-important  in  this  process. 
By  its  contraction  oi  systole  it  acts  as  a force-pumju  and, 
between  its  contractions,  it  expands  its  cavities  and  sucks 
in  the  blood  returning  by  way  of  the  lungs  or  the  venae  cavae  ; 
and  this  dilatation  is  known  as  the  diastole.  In  one  of  its 
cycles  it  accomplishes  a good  portion  of  the  ])rofound  scaveng- 
ing which  the  organism  undergoes. 

'file  systole  of  the  two  auricles  take  ])lace  simullancously, 
and  so  with  the  systole  of  the  two  ventricles,  the  latter  being 
more  marked  and  more  protracted  than  the  former.  The 
phases  of  the  cardiac  cycle,  as  regards  their  duration,  are 
much  as  follows  : 


Auriculai  svstole 

V 

Venlricutai  systole 
General  diastole 
Complete  cycle 


18  per  cent. 
15  per  cent. 
37  per  cent. 
100 


[The  ventricle  is  the  more  important  partner  in  this  associa- 
tion. When  beating  at  seventy-two  per  minute,  its  rhythm 
may  be  expressed  thus  : - 

Ventricular  systole  . . 0-3  second  / 

Wntricular  diastole  . . 0-5  second  t ' ■ 

'riius,  in  twenty-four  hours  the  ventricle  works  for  nine 
hours  and  rests  for  fifteen.  If  we  remember  that  “work” 
in  human  occupations  is  not  confined  lo  the  honrs  of  labour. 
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but  that  energy  must  necessarily  be  expended  also  outside 
the  factory  gates,  we  see  that  Nature  has  arranged  matters 
very  much  u])on  the  in-inciple  of  an  eight  hours  working  day. 
(Kd.) 

It  is  the  contraction  of  the  ventricles  which  may  l)e  per- 
ceived by  the  touch,  about  the  fifth  intercostal  s])ace  on  the 
left-hand  side  ; this  contraction  constitutes  the  hcaii-impiilse ; it 
may  even  be  seen,  in  thin  subjects,  raising  the  wall  of  the  chest 
in  the  region  indicated,  usually  beneath  the  nipple,  'flie 
clinician,  who  observes  the  subject  from  the  outside,  simply 
notes  that  the  duration  of  the  heart-beat  represents  a tliird  or 
a fourth  of  the  total  period  ; so  that  the  ratio  of  the  general 
diastole  lo  the  systole  is  1 : 2 or  1 : 3.  Or  we  may  write  the 


formula 

D 

— = 2-o0  approx. 

■fills  ratio  is  modilied  by  fatigue  ; il  lends  to  diminish. 

'file  weight  of  an  adult  heart  is  about  250  grammes  (-55  lb. 
avoirdupois),  and  its  rate  of  pulsation,  during  repose,  is  65 
to  70  per  niinute,  a rate  which  increases  progressively  under 
the  inlhience  of  niuscular  activity.  The  figure  is  78  to  80 
in  w'onicn,  and  80  to  90  in  children. 

The  movement  which  the  contractions  of  the  heart  impart 
to  the  mass  of  the  blood  is  propagated  along  the  arteries,  where 
it  is  revealed  liy  a pulsation  of  the  walls  of  these  vessels.  It  ; 

thus  produces  the  pulse.  If  an  artery  be  slightly  compressed  ; I 

against  an  adjacent  bone  the  beats  of  the  pulse  become  plainly 
perceptible.  The  pulse  is  ])arlicularly  well  defined  in  the 
radial,  temporal,  and  femoral  arteries  ; it  may  be  felt  best  of 
all  in  the  first  of  these. 

The  sounds  produced  by  the  heart  are  louder  if  the  organ 
is  hypertrophied,  and  weaker  if  it  is  the  seat  of  degeneration. 

Auscultation  also  enables  us,  in  cases  of  imperfect  functioning 
of  the  valves,  or  valvular  insufficiency  (notably  mitral  in- 
sulliciencv)  to  detect  a murmur  or  souffle. 


'file  function  of  the  blood  is  essentially  \ital.  Anything 
that  arrests  or  impedes  its  flow,  any  compression  of  the 
channels  of  circulation,  diminishes  the  nervous  and  muscular 
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forces,  011(1  inay,  in  a relaliYoIy  short  jieriod  of  time,  emlaiigei 
life  itself. 

All  old  experiment  jierforiiied  by  I’.ishop  Sleiioii  ^ denion- 
sfrates  this  most  important  fact.  He  ligatured  the  great 
artery  which  supplies  the  hind  legs  ol  the  dog.  Hardly  had 
a few  minutes  elapsed,  when  all  power  of  locomotion  di.s- 
appeared  ; the  legs  were  rigid.  The  liga  Lure  was  then  remoYed. 
and  the.  power  of  moYement  returned  to  the  limbs.  The 
nervous  centres  are  even  more  sensitive  to  variations  of  the 
blood-supply.  While  compression  of  the  fore-arm  will  leave 
the  fingers  active  even  after  the  lapse  of  half  an  hour,  it  is 
enough  to  press  for  15  to  20  seconds  on  the  carotid  arteries 
which  lead  to  the  brain,  and  consciousness  disapjiears. 

The  state  of  the  circulation  should  alwavs  be  made  the 
object  of  a serious  examination,  particularly  with  reference 
to  viulcni  exercise  in  youth,  or  work  performed  by  men  who 
have  been  mutilated,  by  accident,  or  war-wounds,  or  operation. 

XHl.  Functions  of  Relation,  d/oac/nen/.  But  the 
highest  function  of  man  is  mnvemenl.  To  be  sure,  the  tower 
animals  are  similarly  endowed  with  the  power  of  movement ; 
indeed  their  movements  display  an  mcomjiarable  agility 
and  certainty.  Still,  their  actions  are  purely  instinctive ; 
I mean  that  the  precision  of  these  actions  is  complete  or 
deliiiitive.  They  are  automatic,  by  virtue  of  heredity  ; and 
as  a rule  they  are  not  subject  to  improvement. 

dlan,  on  the  contrary,  calculates  his  results;  he  trains 
and  disciplines  his  movements,  harmonising  them  in  view 
of  an  end  which  he  understands  ; he  is  conscious  of  it.  In 
him  consciousness  is  never  completely  absent,  even  in  the 
case  of  movements  which  are  apparently  automatic,  such  as 
walking  : consciousness  corrects  these  movements  as  required. 

The  organs  of  movemeut  comprise  the  bones,  which  make 
up  the  sketeton,  and  the  miiseles,  which  are  as  a whole  assembled 
in  articulated  systems,  levers  which  accomplish  all  the  motor 
actions  of  animal  life. 

The  energy  which  animates  them  is  released  by  excitations 

‘ Xicolas  Stenon,  Danish  anatomist,  promoted  to  a bishojnic  (1()31-1087). 
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of  the  nervous  system,  which,  assisted  by  the  sen.ses,  above 
all  by  the  senses  of  siyld  and  touch,  co-ordinate  and  direct  the 
muscular  con  t raid  ions. 

It  must  immediately  be  noted  that  the  active  oi’gans 
are  suliject  to  a jihysiological  law  of  the  greatest  importance, 
which  1 will  call  the  lau)  oj  (unelional  hegemony.  This  ensures 
that  every  organ  which  is  capable  of  contraction  or  of  per- 
forming work  nitty  be  file  seat  of  nutritive  tmd  respiratory 
exchanges  which  tire  more  intense  thtm  tho.se  occurring  in 
any  other  ptnt  of  the  body.  To  the  gland  producing  its 
secretion,  the  muscle  coiiliacting,  the  nerve-cell  vibrating 
in  response  to  sensation,  an  abundant  How  sets  in  of  the 
fluids  of  the  organism,  the  blood  and  lymph  : the  irrigation 
of  contracted  muscles,  for  example,  increases  to  four  or  live 
times  its  normtil  volume  : through  the.se  organs,  in  the  sjttice  of 
one  minute,  passes  a weight  of  blood  ecpial  to  about  85  per 
cent,  of  their  own  weight. ^ The  nervous  elements  are  stimu- 
kited,  and  jiroduce  the  condition  of  tonicity.  A silent  labour 
is  accomiibshed  in  the  living  cell  or  libre,  which  makes  possible, 
and  develops,  the  function  itself. 

This  excess  of  life  at  one  jioint  leads  to  an  abatement  else- 
where ; it  is,  above  all,  between  the  digesti\e  organs  and  the 
organs  of  movemeut  that  the  law  of  functional  hegemony 
establishes  that  ine([uabty  so  necessary  to  the  performance  of 
physiological  work. 

XIV.  The  Osseous  System. — The  skeleton  constitutes  the 
solid  framework  of  the  body  ; the  resistance  of  tlie  bones 
is  at  least  double  that  of  piiie-wood  ; it  increases  until  the 
threshold  of  old  age  is  reached,  but  to  a greater  extent  in 
mail  than  in  woman,  for  the  bony  tissue  of  the  man  is  denser 
and  his  skeleton  more  massive.  lIoAvever,  this  resistance  is 
inodilied  by  the  mode  of  life  and  the  kind  of  nutriment 
absorbed.  Thus  the  bones  of  race-horses  are  denser  than 
those  of  grass-fed  horses.  On  the  other  hand,  we  encounter 
cases  of  a wholly  peculiar  and  inherited  fragility  of  the 

* Chameaii  and  Kaufmann,  Comptes  reyulus  Acad.  Scie7ic€s,yo\.  CIV.,  ]>.  1352. 
1887. 
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Fig.  10. — (n‘iioral  IMan'of  the  Human  Skeleton 


skeleloii  ; this  is  known  as  osteopsalhijrosis  ; it  is  often  betraj'ect 
by  fractures  of  the  femur  and  the  humerusd 

^ Dav.  ii})ort  and  Conard,  Proceed.  \at.  Ac(al.  Sciences,  \ ol.  L,  p.  1915  J 
— Washiimton,  Hereditary  Fragility  of  No.  14of  the  Eugenics  Record 
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Lastly,  certain  alTections  have  their  seal  in  the  bony  sub- 
stance, whose  solidity  is  thereby  diminished. 

It  is  from  the  food,  conveyed  by  the  blood,  that  the  skeleton 
derives  its  formative  elements,  of  which  by  far  the  most 
important  are  phosphate  and  carbonate  of  time.  The  absence 
of  mineral  salts  from  the  food,  or  mineral  inanition,  results  in 
the  softening  and  malformation  of  the  bones,  modilles  their 
structure,  and,  in  early  youth,  retards  the  progress  of  ossifica- 
tion.^ The  proportion  of  phosphate  is  diminished  by  25  to 
30  ])er  cent,  in  infantile  osteomalacia,  and  even  further  in 
rickets. - 

Mineral  inanition,  if  prolonged,  is  followed  by  serious 
nervous  symptoms  (Forster). 

d'he  natural  arrangement  of  the  various  component  portions 
of  the  skeleton  is  represented  in  Fig.  10.  The  dillerent 
portions  of  the  skeleton  are  all  articulated,  or  jointed  ; the 
surfaces  which  come  into  contact  in  the  articulations  are 
covered  with  cartitaye,  a smooth,  elastic  substance  which 
reduces  friction  ; the  heads  of  the  articulations  are  in  many 
cases  enclosed  in  a capsule  which  contains  synovia,  a viscous 
and  alkaline  Iluid  which  lubricates  the  surfaces  of  the  articula- 
tions (example,  the  knee),  the  system  of  articulations  is 
so  devised  throughout  as  to  lend  itself  to  all  the  requirements 
of  movement. 

XV.  The  Muscular  System. — It  is  the  muscles,  however, 
which  finally  determine  the  positions  of  the  osseous  elements, 
while,  their  lleshy  masses  give  the  human  body  its  true  plastic 
form.  Before  all,  the  muscles  are  the  agents  of  movement, 
tile  motive  elements  of  the  body. 

A muscle  is  a collection  of  elastic  fibres,  tightly  enclosed 
within  a thin,  transparent  envelope,  and  capable  of  })ro- 
Q'ressive  contraction.  I’o  the  two  ends  of  the  muscle  adhere 
two  strong,  coherent  laminae  or  thongs  : the  tendons.  A 

^ Konig.  Landw.  Jahrh.,  ]).  421,  1874; — H.  WcLske,  Z.eit.  /.  Biol.,  XoL  \1I., 
pp.  17t»an(l333;  Vol.  X.,p.  410,  1873-4;— J.  Forster,  ibid.,  Voi.  XIL,  p.  404, 
1875. 

“ H.  Rrubacher,  Ztif.  /.  Biol.,  Vol.  XXVIII.,  p.  517,  1890; — Gaiiiiiard  and 
Konig,  C.R.  Acad.  Sc.,  Vol.  CXL.,  p.  1,332,  1905. 
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familiar  example  of  these  terminal  attachments  is  the  Achilles 
tendon  ; it  lies  in  the  lower  portion  of  the  calf,  and  is  affixed 
to  the  bone  of  the  heel,  or  calcaneiim. 

According  to  the  portion  of  the  body  to  be  moved,  and 
its  organic  adaptation,  the  muscles  and  tendons  follow  the 
same  law  of  development  as  the  slceleton,^  and  the  osso- 
tendinous  insertions  acquire  a remarkable  strength,  which 
renders  possible  the  exertion  of  great  muscular  force. 

The  varying  forms  and  arrangements  displayed  by  the 
muscles  in  the  different  parts  of  the  body  are.  shown  in  Fig.  11. 
Their  action,  which  is  always  conjoined,  results  in  the  produc- 
tion either  of  sustained  efforts,  which  do  not  involve  movement, 
but  mav  be  called  static,  or,  on  the  other  hand,  of  more  or 
less  rapid  movements,  and  the  speedy  performance  of  work. 
This  will  be  more  fully  explained  later  on. 

The  muscular  system  represents  about  40  per  cent,  of  the 
mass  of  the  body,  and  it  is  in  it  that  nutrition  operates  actively, 
with  an  intensity  which  is  increased  by  work,  and  by  external 
cold.  One  might  almost  say  that  if  absorbs  all  the  energy 
of  the  aliments  consumed,  and  that  the  quantity  of  the  latter 
should"  accordingly  be  regulated  by  the  importance  of  the 
muscular  .system.  Persons  wliose  muscles  are  small,  and 
persons  suffering  from  obesity,  have  less  occasion  than  others 
to  consume  large  quantities  of  nutriment. 

XVI.  The  Nervous  System. — Ihe  co-ordination,  which 
is  almost  invariably  perfect,  of  the  muscular  contractions, 
is  the  work  of  the  nervous  system,  the,  higher  centres  of  which 
are  the  spinal  cord,  the  bulb  or  medulla  oblongala,  the  cerebellum 
and,  most  important  of  all,  the  brain  proper.  It  fulfils  its 
delicate  functions  in  a wonderful  manner,  being  at  the  same 
time  a sensory  system  and  a motor  sy.stem,  receiving  sensations 
and  sending  forth  orders  relating  to  movement. 

The  entire  surface  of  the  body,  the  skin,  which  is  the  seat 
of  the  sense  of  touch,  the  retina,  which  receives  impressions 
of  luminosity,  the  olfactory  mucous  membrane,  which  is  the 

* See  Le  Moteur  Hiimain  fordetaits  of  the  very  interesting  influence  of  adapta- 
tion upon  the  organs  of  force  and  movement. 
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seat  of  the  sense  of  smell,  the  mucous  membrane  of  the 
tongue,  in  which  the  sense  of  taste  is  localised,  and  finally  the 
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Fig.  II. — General  Arrangement  of  the  Muscles  of  the  Human  Body. 


membrane  of  the  inner  ear,  the  cochlea,  which  vibrates 
under  the  impact  of  sound-wav'es,  all  receive  from  the  nervous 
centres  a number  of  sensitive  fibres,  which  collect  the  multi- 
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tudinous  iinpressions  to  whicli  they  are  sulijecl.  These 
sensitive  fibres  exist  even  in  the  depth  of  the  I’iscera  (heart, 
stomach)  and  the  muscles,  and  in  the  joints  and  tendons, 
and  it  is  liy  their  means  that  the  lirain  receives  uninterrupted 
messages  as  to  the  condition  of  the  organism.  Similarly, 
there  are  also  molar  fibres,  which,  in  the  mixed  nerves,  are 
associated  with  the  first  kind.  These  mixed  nerves  are  in 
a great  majority. 

The  nervous  element  is  known  as  a neuron  : it  is  a cell 
with  numerous  prolongations,  so  constituted  as  to  conduct  a 
sensorv  impression  or  a motor  impulse.  Hence  there,  are 
sensory  neurons  and  motor  neurons,  consisting,  probably, 
of  fine  grannies  bathed  in  a viscous  matter,  and  set  in  motion 
by  all  manner  of  inlluences.'  'flie  neurons,  who.se  termina- 
tions are  in  a relation  of  conlignitij,  form  a chain  known  as  a 
reflex  arc,  from  tliat  which  receives  the  impression  to  that 
which  reacts  to  a motor  impulse.  Let  us  consider  the  case 
of  a person  who  unexpectedly  touches  a heated  body  ; the 
sensory  tilamenls  (Fig.  12),  irritated  by  the  scorching  of 
the  skin,  transmit  a special  vibration  to  the  motor  neuron, 
which  causes  the  muscle  to  contract. 

Tims,  by  an  actual  rellexion  of  the,  sensation  jirodnced  in 
one  nerve-cell,  this  sensation  is  followed  by  movement, 
the  more  swifllv  as  the  sensation  is  keener  and  the  reflex 
arc  shorter.  Generally  speaking,  neivoiis  impulses  arc  con- 
veyed at  the  rate  of  about  120  metres  per  second.  We  know, 
moreover,  that  these  impulses  disphn  a preference  for  accus- 
tomed paths,  as  these,  offer  them  a minimum  of  resistance.  Let  us 
follow  the  progress  of  the  nervous  impulse  set  uj)  by  a burn, 
so  that  we  may  at  the  same  time  obtain  some  idea  of  the 
diversity  of  the  mechanisms  alTected,  and  the.  marvellous 
manner  in  which  their  action  is  controlled.  From  the  irritated 
skin  the  sensitive  neuron  conveys  a special  doloritic  disturbance 
to  the  posterior  horn  of  the  spinal  cord,  and  there  the  filaments 
of  this  neuron  and  those  of  the.  motor  neuron  in  the  anterior 
or  ventral  horn  enter  into  a relation  which  results  in  a release 
of  energy.  In  the  diagram  the  spinal  cord  is  supposed  to 

^ Marinesco,  Comptes  renthf-s  IJi(/Iogn\  8 January,  UU- 
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be  bisected  horizontallv,  in  order  to  show  the  grev  cellular 
region  in  which  sensation,  we  know  not  how,  is  converted 
into  an  order  to  this  or  that  muscle  to  contract.  It  seems 
admissible  to  us  that  all  the  neurons  may  vibrate  in  the  same 
manner,  having  all  the  same  histological  and  chemical 
character,  and  that  their  functions  are  sensory  or  motor 
according  to  the 
organs  in  which  they 
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the  brain,  after  an 

important  relay  in  the  optic  thalami.  The  surface  of  the 
brain,  or  the  cortex,  as  it  is  called,  contains  motor  cells  of 
a pyramidal  form.  One  of  these  receives  the  vibration  and 
communicates  it  to  its  fellows.  After  a series  of  trans- 
missions the  disturbance  attains  a terminal  centre  in  one  of 
the.  striated  bodies  (corpora  striata),  whence  it  returns  to  the 
bulb  and  the  spinal  column. 

The  reflexion  of  the  sensation  therefore  occurs  in  the 
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cerebral  cortex,  which  is  a seiisorij  and  motor  zone,  the  seat 
of  the  general  government  of  all  the  territories  of  the  organism. 
The  length  of  the  reflex  arc  increases  the  time  occupied  by 
the  reflexion.  The  vohintarij,  conscious  action  is  therefore 
' necessarily  later  in  time  than  the  involuntary,  unconscious 

action  of  the  withdrawal  of  the  hand  the  moment  it  is  burned. 
This  latter  movement  is  made,  and  the  danger  is  averted ; 
the  act  of  will  follows  it ; but  there  is  no  need  to  repeat  the 
movement  of  the  hand  ; the  motor  impulse  is  therefore 
I checked,  or  inhibited,  bv  an  inhibitorv  cerebral  neuron  which 

intercepts  it  before  it  has  passed  the  bulb  or  medulla  oblongata 
(see  dotted  lines).  The  phenomenon  of  consciousness  and 
will  appears  therefore  to  be  a process  of  sensory  synthesis,  which 
rectifies,  orders,  and  adapts.  It  is  bound  up  with  the  very 
life  of  the  nervous  tissues,  which  are  fi'd  with  a regular  supply 
j.  of  blood,  which  brings  with  it  the  indispensable  oxygen. 

The  manifestations  of  the  intellect  are  rudimentary  at 
birth,  owing  to  a lack  of  sensations.  In  the  child  there  is 
I little  skill  of  movement,  because  the  cerebral  cortex  has  not 

as  yet  assembled  and  combined,  by  means  of  its  associative 
i neurons,  a sufficiency  of  the  elements  of  synthesis  by  means 

I of  which  education  progresses.  We  must  also  mention  the 

i cerebellum,  which  co-ordinates  the  attitudes  of  the  body  and 

ji  ensures  equilibrium.  The  cortical  cells  of  the  cerebellum 

1 ^ (Purkinje’s  cells)  are  as  important  as  the  pyramidal  cells  of 

i|  1 the  brain ; they  receive  the  tactile,  auditive,  and  visual 

■|  i sensations,  and  react  on  the  muscular  system  by  bulbo-spinal 

and  even  cerebral  messages. 

Thus  the  nervous  system  unites  the  surface  of  the  body 
with  a central  axis  which  terminates  in  the  mass  of  the  brain. 
The  connections  of  the  neurons  have  often  been  compared  to 
I those  of  telegraph  wires,  which,  starting  from  various  points, 

j ' report  events,  by  successive  relays,  1o  a central  office.  The 

1 comparison  is  good,  if  we  add  that  the  messages  received  in 

this  central  office  leave  almost  indelible  records,  for  nervous 
tissue,  more  than  any  other  living  substance,  retains  a disposi- 
I tion  to  reproduce  its  past  life,  to  react  in  an  identical  manner 

)\  under  the  same  stimulus,  and  to  prolong  its  vibratory  conditions 
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in  time.  This  organic  memory  is  the  condition  of  the  intellec- 
tual memory  of  which  Shakespeare  said  that  it  was  “ the 
sentinel  of  the  brain.”  Does  it  matter,  after  this,  whether 
we  are  or  are  not  exactly  informed  as  to  the  exact  manner 
in  which  sensations  are  transmitted,  or  the  nature  of  nervous 
energy,  or  the  part  played  by  this  or  that  nerve  in  the  sensory- 
motor  cycle  ? It  is  enough  to  know  that  this  inner  world  of 
so-called  psychical  forces  reproduces  the  outer  world,  with 
which  it  communicates  bv  means  of  the  senses,  and  that  its 
manifold  echoes  resound  lo  the  appeal  of  this  outer  world. 
Tliis  correspondence  will  explain  some  of  the  facts  of  human 
psijcho-phijsiologij^ 

^Concerning  the  relations  of  the  lirain  and  the  psychic  self,  see  E.  Becher, 
Gehirn  und  Seele,  Heidelberg,  1911. 
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XVIII.  The  Development  and  the  Endurance  of  the 
Body.— riie  whole  of  the  functions  wliich  we  have  been  con- 
sidering develop  fairly  rapidly  with  age,  and  the  endurance  of 
the  human  body  is  at  its  maxinuiin  between  25  and  40  vears. 

We  find,  in  fact,  that  the  skeleton  completes  the  process  of 
ossification  and  consolidation  about  the  20th  year;  not  before. 
Muscular  energij  increases  along  the  lines  of  a curve  which 
rises  rapidly  from  the  16th  year,  attaining  its  highest  point 
between  the  20th  and  21st  vears.  We  mav  then  conclude  that 
the  architecture  of  the  bodv  is  suflicientlv  robust  to  resist  the 
ordinary  efforts  of  life  as  it  manifests  itself  in  young  people 
of  that  age. 

The  height,  together  with  the  weight,  has  followed  the  same 
development,  and,  if  the  activities  of  the  organism  do  not 
exceed  the  normal,  the  organs,  internal  and  external,  function 
without  showing  signs  of  overwork,  so  that  a sort  of  physio- 
logical fitne.ss,  familiar  to  all,  protects  them  from  accidents 
and  infectious  germs.  Under  these  conditions  the  develop- 
ment of  the  organism  proceeds  with  nioderate  rapidity  and 
in  full  security. 

From  the  50th  year  the  process  is  reversed  ; there  is  a 
comparatively  slow  descent  until  the  60th  year  ; sometimes 
the  i)rocess  is  hardly  i)erceptible.  Thus  from  the  20th  to 
the  60th  year  man  displays  his  maximum  capacity  for  work 
and  exercises  all  his  faculties  most  fully,  provided  he  is  able 
to  avoid  excesses,  and  does  not  sulfer  from  any  predisposing 
taint  (tuberculosis,  syphilis,  hereditary  alcoholism).  But 
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about  the  fiftieth  year  “ something  like  an  ageing  of  the  whole 
being  occurs.  . . . 4’his  crisis,  which  gives  the  observer  the 
impre.ssion  of  a crisis  of  age,  commences,  most  frequently,  by 
digestive  disturbances.”  ^ It  also  reveals  itself  by  a general 
lassitude,  a weakening  of  the  will,  and  a retardation  of  the 
processes  of  nutrition. 

4'his  critical  age  corresponds  to  a period  of  a few  months  at 
most,  and  leaves  no  lasting  disturbance.  Cdiildhood  also 
has  its  critical  period  ; that  of  the  anaemia  of  growth,  which 
occurs  between  the  5th  and  7th  years  ; - the  body  grows 
taller  and  thinner  ; the  blood  is  less  rich  ; the  energies  dim- 
inish. 44ie  child  must  be  guarded  against  all  excessive  effort, 
in  order  that  the  organs  may  develop  in  a normal  manner. 
Adolescence,  which  commences  about  the  16th  year,  and  gouth, 
which  continues  to  the  40th  year,  form  the  age  of  power, 
bodily  and  mental  ; they  create  the  works  which  the  virile, 
age  ripens  and  reinforces.  Woman  completes  her  develop- 
ment at  an  earlier  age  ; according  to  the  climate,  she  attains 
the  age  of  puberty  between  13  and  15  years,  while  her  height 
and  her  strength  are  fully  developed  by  her  19th  year. 

Her  strength  is  half  that  of  man,  and  it  is  not  exerted  so 
rapidly.  At  50  years  old  age  sets  in  with  the  menopause, 
the  cessation  of  the  menstrual  function.  One  mav  therefore 
estimate  the  period  of  full  physical  activity  to  be  40  years 
in  the  case  of  the  man,  and  30  years  in  that  of  the  woman. 

XIX.  Psychical  or  Mental  Activity. — Psychical  activity 
follows  almost  the  same  lines  of  development,  except  that 
it  survives  physical  activity,  and  sometimes  resists  the  effects 
of  a very  advanced  age.  Xervous  excitability  is  greater  in 
the  child  than  in  the  adult  ; childhood  is  the  period  of  keen 
sensations  and  excess  of  movement  ; the  nervous  system 
betrays  its  predominance  over  the  other  systems  ; one  sees 
its  lilaments  under  the  skin  ; the  sen.ses  reach  out  for  education  ; 
experience  is  in  process  of  formation,  and  the  moment  is 
propitious  to  impose  selection  and  direction  upon  it.  Intel- 

' M.  de  Flemy,  Tribune  medicule,  j).  69  ; 1910. 

“ L.  Fur.st,  Das  Kind  nnd  seine  Pflege,  Leipzig,  1877  (2nd  ed.). 
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lectual  labour  is  for  many  years  a work  of  absorption.  At 
the  age  of  25  years  in  man,  and  21  in  woman,  it  is  transformed 
into  a work  of  restitution,  which  may  reveal  itself,  between  the 
ages  of  40  and  50,  by  the  loftiest  creations  of  the  mind. 

The  creative  faculty,  which  combines  and  co-ordinates 
sensations,  is  chiefly  the  appanage  of  man  ; the  other  sex 
is  characterised  by  the  survival  and  reinforcement  of  those 
sensations  which  predispose  it  to  creal  e works  of  imagination 
or  sentiment,  rather  than  works  which  call  for  hard  thinking  and 
determined  application.  The  same  remarks  apply  to  attention, 
which  requires  that  certain  sensations  among  all  the  sensations 
of  our  life  shall  by  preference  occupy  the  field  of  consciousness, 
and  is  therefore,  by  this  fact  alone,  an  attribute  of  the  male 
organisation,  wdiich  is  characterised  by  motor  impulses  and 
will-power.  The  cerebral  cortex,  on  which  the  entire  muscula- 
ture is,  so  to  speak,  profected,  and  which,  in  man,  fulfils  the 
motor  functions  more  fully,  should  provide  the  explanation 
of  these  sexual  differences,  in  which  some  have  wrongly  per- 
ceived a difference  of  intellectual  level. 

Mobius  ^ has  vigorously  maintained  this  theory  of  feminine 
inferiority,  which  is,  in  his  opinion,  caused  by  the  smalt  mass 
of  the  brain,  the  keen  sensibility  of  woman,  and  the  close  approxi- 
mation of  her  instincts  to  those  of  the  animal. 

It  is  true  that  the  cerebral  mass  of  the  male  brain  is  larger 
than  that  of  the  female  brain.  Its  weight  is  estimated  at  birth 
as  400  grammes,  as  against  380  grammes. ^ The  schoolboy 
has  a larger  head  than  the  schoolgirl,  even  at  or  about  the 
age  of  11,  when  girls  are,  generally,  speaking,  further  developed 
than  boys.^  In  the  adult,  the  man’s  brain  attains  the  average 
W'eight  of  1,370  grammes,  and  the  woman’s  brain  the  average 
weight  of  1,223  grammes,  and  this  difference  of  147  grammes 
is  observed  in  persons  of  the  same  weight  but  of  opposite 
sex.‘ 

Olobius,  uber  den  physiol.  Schicachsinn  des  Weihes;  Halle,  1912. 

- E.  Handmann,  Arch.  f.  Anaf.  u.  Phys.,  Annt.  Alt.,  p.  1,  1906. 

3 Beyerthal,  Jahrb.  n.  die  Srhularzfliche  I'atigkeit  an  den  Hilfsklassen 
*S7d(/^  Volkschnle  in  Worms,  Schuljahr,  1904-5.  Hose,  Arch.  /.  liassen  n. 
Gesel.  Biol.,  Vol.  II.,  p.  689;  Vol.  HI.,  j>.  42,  1905-6. 

♦Felix  Marchand,  Biol.  Centralblatt,  Vol.  XXIL,  p.  12,  1902. 
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But  this  is  of  no  significance,  for  greater  differences  often 
occur  between  individuals  of  the  same  sex,  which  bear  no  rela- 
tion to  the  intellectual  capacities.  Precious  ideas  may  exist 
in  a small  head,  and  the  hea\iest  brain  will  not  always  prevent 
imbecility. 

Thus,  despite  the  proofs  which  he  strives  to  furnish  of  the 
inferiority  of  woman,  and  the  ridicule  W'hich  he  throw's  upon 
“ the  unnatural  effort  of  feminism,”  Mobius  appears  to  me  to 
be  the  \Tctim  of  a confusion  of  ideas.  There  is  not,  betw'een 
man  and  woman,  a difference  of  degree  in  respect  of  cerebral 
power,  or  intellect,  or  the  quantity  of  psychical  energy  pro- 
duced ; there  is  only  a question  of  quality  ; the  modes  of 
intellectual  labour  are  not  identical.  In  the  case  of  the 
w'oman  sensibility  holds  the  first  place  ; it  is  imposed  upon 
her  by  habit  and  by  heredity.  In  man,  on  the  contrary, 
abstract  thought  and  reason  come  first ; and  by  virtue  of  this 
very  quality  of  abstractness  a comparative  independence 
of  the  motor  functions  is  established  in  respect  of  external 
actions  ; and  it  is  this  independence  wdiich  is  expressed  by  the 
w'ord  will. 

Accordingly,  the  development  of  the  mind  takes  place 
upon  tw'o  frequently  distinct  planes.  I readily  admit  that 
the  feminists  confuse  the  tw'o  planes,  at  all  events  physio- 
logically speaking.  But  “ feminism  ” finds  its  profoundest 
justification  in  its  social  applications  ; I mean,  in  life  such  as 
it  has  been  made  by  the  usages  of  the  modern  world,  and  its 
economic  laws  and  conditions. 

To  return  to  the  human  brain  : it  seems  difficult  to  derive 
any  information  from  its  W'eight,  its  convolutions,  and  its  archi- 
tecture. Neither  does  the  examination  of  this  organ  enable 
us  to  form  any  conclusions  as  to  race  ; its  average  w’eight 
is  the  same  in  the  Australians,  the  Hindus,  the  Chinese,  the 
Japanese,  and  the  Malays  as  in  the  European.  The  brain  of 
the  negro,  how’ever,  is  less  massive  and  less  dense. ^ But  there 
is  no  real  relation  between  quantity  and  quality,  betw'een 
mechanical  and  psychical  factors.  Races,  like  indhdduals. 


^ Kohlbrugge,  Zeit,  /.  MorphoL  u,  Anthrop.,Yo\.  XL,  p.  596; — Yerhandl.d. 
kbnike  .-U’.  v.  Wetensch  te  Amsterdanij  Vo!.  XV.,  p.  1,  1909. 


^ I; 
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and  like  tlie  two  sexes,  do  not  reveal  any  visible  cerebral 
index  of  iiilelleclual  inequality. 

XX.  Old  Age.— Tlie  development  of  the  functions  modifies 
its  pace  during  age,  that  is,  from  tlie  iiftietli  or  sixtieth  year, 
according  to  sex.  All  the  organs  tend  to  become  atrophied  ; 
the  strength,  weight,  and  height  diminish  ; the  body,  little  bv 
little,  becomes  emaciated  and  amemic  {senile  anaemia).  From 
the  seventieth  year  these  phenomena  undergo  acceleration  ; 
tlie  skeleton  becomes  fragile,  and  less  <lense,  above  all  in  the 
bones  of  the  lower  limbs  (fragililas  vitrea),  which  lose  a portion 
of  their  calcareous  constituents.  These  gradually  calcify 
the  vascular  organs,  rendering  them  less  elastic ; arterio- 
sclerosis makes  its  appearance,  with  its  formidable  sequelae  ; 
the  circulation  of  the  blood  encounters  an  increased  resistance, 
which  causes  a hijperlrophi)  of  the  heart,  and  retards  the  nutritive 
exchanges.  According  to  the  dictum  of  Cazalis,  “ a man  is  as 
old  as  his  arteries.”  ^ 

The  action  of  the  lungs  is  impeded,  and  becomes  less  elastic, 
while  emphy.sema  is  often  observed.  Respiration  is  neither 
frequent  nor  profound  ; there  is,  a retardation  of  the  vital 
processes,  Tho.se  portions  of  the  lung  which  lie  between  the 
heart  and  the  wall  of  the  chest  lose  their  elasticity,  so  that  the 
heart  becomes  united  to  this  wall.  “ Without  the  existence 
of  adhesions,”  says  Pierre  Delbet,  “ this  cardio-thoracic  soli- 
darity causes,  in  a certain  sense,  a functional  sgmphijsis.”  ^ 
Hence  the  shortness  of  breath  which  accompanies  physical 
effort  in  the  majority  of  men  who  have  passed  their  fiftieth 
year. 

As  for  the  locomotiv'e  organs,  the  muscles  become  pale  and 
emaciated  ; the  contractile  tissue  is  less  abundant,  and  its 
structure  is  impaired  ; it  no  longer  responds  to  its  function, 
especially  as  tlie  articulations  themselves  are  stiff  and  jiainful. 

d'lie  entire  nervous  system,  moreover,  suffers  depreciation  ; 
the  cell,  the  centre  of  energy,  and  the  controller  of  action, 

‘ Consult  Demange,  £llude  siir  la  veillesse  ; Alcan,  1 880  ; — S.  ^linot.  The  Problem 
of  Age,  Growth,  and  Death,  London,  1908  H.  Ril)bt  i-t,  l)er  Tod nns alter  schwilehe, 

Bonn,  1908; — E.  Jletschnikoff,  Essais  optimistes,  Paris,  1907. 

M’ierie  Delbet,  C.R.,  Vol.  CLX.,  j).  402;  29  Jlarch,  19L5. 
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is  invaded  by  waste  tissue  which  has  no  energetic  jiropcrties. 
The  brain  is  atrophied,  notably  in  the  frontal  lobe  ; this 
atrophy  was  observed  bv  Hansemann  ^ in  the  historian  Momm- 
sen  (86  years),  the  chemist  Bunsen  (88),  and  the  ]iainter 
Menzel  (89)  ; but  it  is  barely  perceptible  in  tbe  cerebellum.^ 
From  this  it  results  that  the  eyiiilibrium  of  the  body  is  main- 
tained, although  the  movements  are  more  deliberate.  The 
nervous  energy  is  unequal  to  voluntary  stimulation  ; hence 
a sort  of  vacillation,  the  Iremnlonsness  of  age,  and  the  inability 
to  sustain  a great  and  prolonged  jihysical  effort. 

As  for  the  cause,  sole  or  multijile,  natural  or  accidental,  of 
age,  it  has  formed  the  subject  of  a whole  series  of  studies,  the 
consideration  of  which  would  lie  outside  our  programme. * 
But  in  a word  we  may  say  that  old  age  is  a jihase — not 
the  termination — of  cellular  transformation  ; a phase  which 
continues  for  a longer  or  shorter  period,  according  to  the 
quantity  of  toxic  jiroducts  resulting  from  organic  life.  Every- 
thing which  diminishes  this  poisoning  process,  temperance  in 
the  matter  of  diet  above  all,  must  be  regarded  as  a factor  of 
longevity. 


XXI.  Human  Aptitudes. — 1.  Physical  apliludes. — The 

general  form  of  the  body  is,  geometrically  .speaking,  as  little 
cumbersome  as  possible  in  the  case  of  so  complicated  a machine. 
The.  Irunk  encloses  the  organs  capable  of  maintaining  move- 
ment, and  of  providing  the  muscles  with  energy.  It  is  interest- 
ing to  observe,  in  tins  connection,  that  persons  of  moderate 
slatiire  are  the  most  robust.  If  we  compare  the  height  when 
seeded  with  the  toted  stednre,  we  obtain  a thoreieic  eoelficicid  of 
0-54.  4'his  ratio  is  slightly  lower — 0-53 — in  tall  persons,  and 
in  most  women.  A lower  coeflicient  than  0-52  is  the  mark 
of  a rather  feeble  constitution.  The  importance  of  the  seated 
height  is  connected  with  the  ])hysiological  function  of  the 
thorax,  and  the  semi-tixitv  of  its  dimensions.  It  includes  the 

^ Hansemann,  Bihliot.  Med.,  Abliai  dl.  II.,  Anat,  ]jart  5. 

-A.  Leri,  Le  ('ervean  Lille,  1906; — Anglade  and  Calmettes,  your, 

Iconofjr.  de  ht  Balpetriere,  ]>.  357,  HMJT. 

^ See  A.  Dastre,  La  Vie  et  la  Mart,  p.  314,  Paris,  1907  ; — Mnhlmann,  Das  AV. 
u.  d.  Physiol.  Tod,  Jena,  1910; — Metchiiikotl',  loc,  rii. 
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axis  of  the  body,  the  vertical  column,  from  which  the  heart 
and  the  lungs  are  to  a certain  extent  suspended.  It  is  more 
fully  developed  in  man  than  in  woman  ; for  man,  by  reason 
of  his  greater  muscular  power,  has  need  of  an  intense  respira- 
tory activity,  a great  absorption  of  air  ; while  in  woman  there 
is  a marked  predominance  of  the  vegetative  functions.  The 
average  man  weighs  about  65  kilogrammes  (10  stones  3 lbs.) 
for  a height  of  165  centimetres  (5ft.  5in.).  I will  give  the 
name  of  morphological  coefficient  to  the  ratio  between  these 
two  quantities,  which  is  = 0-394;  it  should  not  fall 
below  0-360,  or  the  resistance  of  the  organism  may  be  com- 
promised. These  two  coefficients,  the  thoracic  and  the 
morphological,  complete  one  another,  and  their  indications 
are  almost  invariably  in  concordance.  The  human  body 
spreads  outward  as  do  the  columns  observed  in  ancient  monu- 
ments ; it  is  strongly  reinforced  in  the  region  of  the  pelvis. 
According  to  the  wisdom  of  the  ancients,  the  strength  of  a 
man  resided  in  his  loins  ; but  an  exaggerated  development 
of  the  iliac  bones  hampers  movement,  giving  rise  to  a rotatory 
gait.  Thus  nomadic,  drifting  peoples  possess  a comparatively 
narrow  pelvis,  while  in  the  case  of  heavy-weight  athletes  the 
hips  are  wide  and  well  provided  with  muscles. 

XXII. — Dynamic  activities  (manual  and  other  physical 
labour,  sports,  games,  etc.)  favour  the  growth  or  the  refine- 
ment of  the  body  ; market  porters,  waggoners,  draymen,  dock 
labourers,  are  often  massively  built ; dancers,  runners,  and 
fencers  are  slender,  almost  thin.  Tin;  bearing  of  burdens, 
or,  in  cripples,  the  wearing  of  artificial  limbs,  in  the  long  run 
modifies  the  form  and  the  strength  of  the  limbs  ; walking 
eventually  causes  the  foot  to  become  permanently  Hatter 
and  longer,  while  the  hand  is  equally  affected  by  the  hand- 
ling of  hea\y  tools  (hammers,  pick-axes,  spades,  etc.) ; the 
spinal  column  becomes  curved  by  the  bearing  of  burdens  (as 
in  peasants,  porters,  and  occasionally  infantrymen) ; under 
continuous  pressure  it  undergoes  a thickening  which  slightly 
reduces  its  length — that  is,  the  staturiL  Physical  education, 
above  all  in  childhood,  should  aim  at  a harmonious  develop- 
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ment  of  the  framework  of  the  body,  and  at  making  it  straight 
again  should  it  become  at  all  misshapen.  The  orthopaedic 
surgeon  will  take  care  that  artificial  appliances  are  perfectly 
adjusted,  and  that  no  friction  occurs. 

Physically  speaking,  the  proportions  of  the  limbs  are  not 
without  effect  upon  professional  aptitudes  ; long  limbs  are 
adapted  to  ample  but  deliberate  movements,  while  short 
limbs  denote  rapidity  of  movement.  Thus  the  woodcutter,  the 
blacksmith,  and  the  sawyer  develop  more  power,  and  produce 
a greater  effect,  if  the  implement  they  wield  has  a long  arm 
behind  it.  The  formation  of  the  body  is  often,  in  this  con- 
nection, a guide  to  the  choice  of  workers  fitted  for  this  or 
that  form  of  labour  ; but  these  indications  are  far  from 
absolute  in  character,  for  adaptation  is  a factor  of  the  greatest 
importance  ; the  fencer  Kirschoffer  did  wonders  in  spite  of 
his  small  stature,  which  placed  him  at  a disadvantage  and 
exhausted  his  strength. 

In  general,  however,  men  are  organised  and  adapted  to 
work  in  a certain  fashion,  for  in  this  case,  their  labour  is  more 
economical.  They  might  be  divided  into  types,  according 
to  the  physiological  function  which  they  display  most  prom- 
inently, and  which  appears  to  control  all  the  rest.  One  of 
these  types  is  the  digestive  type  ; men  of  this  type  eat  very 
largely,  and  work  slowly,  but  they  can  labour  for  long  periods  ; 
if  they  have  well-proportioned  limbs  they  may  become  good 
runners.  The  runners  of  the  East,  the  rekkas,  cover  very 
great  distances,  with  a long,  rapid  stride.  Such  men  are 
capable  of  a great  output  when  carrying  small  burdens  for 
long  periods  (Fig.  13). 

A second  type  is  the  muscular  type.  iNIen  of  this  category 
are  capable  of  exerting  great  energy,  though  never  for  a very 
long  time  ; but  the  musculature  of  this  type  may  be  har- 
moniously developed  upon  a perfectly  symmetrical  body, 
constituting  a perfect  morphological  expression.  In  such 
cases  the  man  is  powerful  and  supple,  capable  of  continued 
activity  : he  represents  the  maximum  of  energy  in  the  mini- 
mum of  mass.  The  accomplished  athlete  provides  an  example 
of  this  type  (Fig.  14). 
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Fk;.  l.F — Respiratorv  Type. 


riG.  !♦>. — Cercbial  or  nervou.s  Type. 


for  a long  period  ; the  Ihoracie  cage  is  [)rei)onderaiit,  and 
Ihe  sliouhlers  are  largely  developed  (Mg.  lo). 

Lastly,  we  nuisl  ctadainly  distinguish  a nervous  type,  which, 
owiiiil  to  the  celerity  with  which  its  muscles  contract,  works 


Sigaud,  who  has  deHned  various  types  of  humanity,  espe- 
cially from  the  standpoint  of  morbid  development,^  has  paid 

* C.  Sijraud,  Tniiti  de  la  ddjcslion,  Vol.  II.,  l‘JOS;  hi  Forme  humaine, 

Vol.  L,  1).  32,  1914. 
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A lllircl  tvpe,  described  as  respiratory,  possesses  the  advan- 
tage of  being  capable  of  sustaining  a eoinparatively  gi'cat  effort 
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with  economy,  is,  liy  l eason  of  this  very  speed,  capable  of  exert- 
ing great  elTort,  and,  owing  to  its  temperament,  is  able  to  resist 
the  onslaughts  of  fatigue  (Fig.  16). 


IIIMAX  I'SYCIIO-l’llVSIOLOr.V 


mi;  riivsioi.or.Y  of  ixorsTKiAi.  oiuiAMsvnox 


willi  CFonoiny,  is,  by  ix-msoii  oT  this  very  speed,  capable  of  exei'L- 
iiii«  gi'eat  eUbi  l.  and,  owint;  lo  ils  leiiiperamenl,  is  able  lu  resist 
the  onslaughts  ol'  I'atiffue  (I'iif.  lb). 


A third  type,  deseribeil  as  respiratory,  possesses  the  advaii- 
Laij(e  ot  beiiiil  eapable  of  sustainiiiif  a eoinparalively  i^reat  elTort 


Hi.  1 1.-  Muscular  Tv[m 


i:}. — Ditr4‘<tivf  Type 


U«‘spiialniy  Typo 


I’ur  ;i  \)cvun\  ; I hr  Ihoracir  is  prrpniKirraal 

Ihc  shouhirrs  aiv  larijriy  (Irvrlo|)r(I  la). 

Lasllv,  \vc  musl  mTaiiily  dislinij;uish  a nrrnous  lypr.  ^ 
uwiuii  lo  Ihr  with  wliich  ils  iiuisHrs  coulracl. 


Sii^aud,  wlio  lias  drliiird  various  lyiu's  ol*  liiiinanily,  espo- 
c’ially  from  Ihr  slamlpoint  of  morliid  (Irvrlopnionl,^  lias  paid 

*(’.  Si^auil,  'rntllr  t/r  fit  tiitji  sftntt , \'oI.  IL,  Uaris.  HHIS;  La  Fortnr  lutmnn>e^ 
I.,  It.  :i‘2.  11)14. 
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])articular  alloiitioii  lo  the  developim'iit  of  tlie  iutvous  and 
perelnal  systems,  and  calls  onr  altentimi  to  the  cerebral  tyjie 
(I'ig.  16),  which  we  should  rather  regard  as  the  nervous  type 
with  psychical  ])redoniinance.  In  bigs.  13  to  16  'i'hooris  has 
collected  representations  of  the  four  types  which  we  have 
just  described.  These  photographs  are  highly  expressive  ; 
but  it  should  be  added  that  thev  are  selected  ; that  in  realitv 

ft.  4^ 

the  average  man  approximates  to  one  of  these  ly])es,  without 
disjilaying  very  delinite  characteristics  ; and,  in  a word,  that 
we  should  not  disregard  the  marvellous  resoui’ces  of  cquilibriiim 
and  training,  which  the  organism  is  able  to  draw  u])on. 
“ Practice  can  do  anything,”  taught  the  Greek  philosopher 
Periander,  twenty-live  centuries  ago.  It  is  none  the  less  true 
that  the  distinctions  between  the  four  types  are  physiologically 
of  the  greatest  interest,  for  they  indicate  the  i)redomiiiant 
organic  function,  and  what  the  latter  demands  for  its  normal 
exercise.  For  exaiujile,  to  give  a nervous  type  the  same 
regimen  as  to  laboui'  and  alimentation  as  the  digestive  type 
would  be  absurd  ; the  man  would  not  put  forth  his  maximum 
of  useful  effort,  and  his  healtli  might  sulfer  from  the  experi- 
ment. The  methods  to  be  observed,  in  the  matter  of  ])hysical 
culture,  will  be  different  and  ai)pro])riate  lor  each  of  these 
functional  and  energetic  types. 

XXIII. — ‘2.  Psiichical  Aplilndes.  Let  us,  on  the  other  hand, 
consider  the  psychological  qualities  of  the  individual.  These 
are  the  reflection  of  his  physiological  condition  ; the  jiroblem 
has  even  been  simplified  to  the  extent  of  attributing  them 
to  a special  structure  of  the  brain.  Put  very  little  survives 
of  the  speculations  which  substituted  the  cerebral  cortex 
for  the  cranial  protuberances  of  the  famous  phrenologist  Gall 
(1758-1828).  To-day  the  sensori-moior  surface  of  the  brain 
has  been  suiriciently  analysed  by  physiological  ex])criment 
to  enable  us  to  deduce  certain  doctrines  therefrom.  To  begin 
with,  we  may  refer  to  that  already  formulated  (§  XVII.)  : 
namely,  that  the  cells  of  the  grey  cortical  layer  belong  lo 
sensory  or  motor  neurons,  or  to  the  neurons  of  association  ; 
certain  among  them  are  said  to  fulfil  a function  of  inhibilion. 
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and  there  are  some  which,  being  stimulated  from  without  and 
under  special  conditions — by  a sound,  a shock,  or  a light — 
reinforce  the  motor  reaction,  and  the  exercise  of  musculai 
force. ^ Then  it  has  been  noted  that  the  stimulation  of  the 
cortex  produces  movements  exhibiting  a character  of  order 
and  co-ordination  ; wliile  the  suppression  of  a portion  of 
this  cortex  renders  certain  of  these  movements,  and  certain 
sensations,  impossible.  For  example,  a dog  ujion  which  this 
o|)eration  has  been  ])erformed  is  able  to  walk  and  to  leap, 
but  he  can  no  longer  hold  a bone  and  gnaw  it.“ 

This  method  of  investigation  has  enabled  the  physiologists 
to  distinguish  cortical  territories,  and  to  determine  actual 
” cerebral  localisations  ” ^ : that  of  the  tactile  sense,  the 
most  exteiLsive,  covering  the  Rolandic  convolutions,  with  the 
ascending  frontal  and  parietal  convolutions ; that  of  the 
acoustic  sense,  situated  in  the  temporal  region  ; that  of  the 
visual  sense,  situated  in  the  occipital  lobe  ; and  that  of  articu- 
late language,  known  as  Broca's  centre  (1861),  whose  existence 
was  too  ])ositively  contested  by  Marie,^  but  was  accepted  by 
Marinesco,  and  which  is  supposed  to  occupy  the  third  left- 
hand  frontal  convolution. 

The  ablation  of  the  parietal  cortex  of  the  dog  deprives  it 
of  the  ability  to  ascend  or  descend  a staircase,  or  to  ” give 
its  paw.”  Here  we  have  the  localisation  of  a function  of 
association  and  co-ordination  of  the  elementary  mental 
processes.  However,  the  frontal  lobe,  which  by  itself  repre- 
sents a third  part  of  the  cerebral  surface,  and  is  bounded 
by  the  fissures  of  Rolando  and  Sylvius,  is  of  greater  import- 
ance. A lesion  of  this  lobe,  in  the  monkey^  or  in  man,  renders 
the  character  impulsive  and  violent.  Its  moderating  action 

^ This  is  the  phenomenon  of  Bahninuj,  or  the  nervous  acceleraiitm  of  the  CJerman 
writers.  (See  Le  Mtfteur  llumain,  ji.  343.) 

^ Ferrier,  Les  Fonciions  du  cerveau,  Paris,  1878; — Kosenfeld,  Die  Physiologie 
des  Grosshirns,  Leipzig,  1913. 

^ J.  Demoor,  Les  Centres  sensiiivo-moteurs,  Brussells,  1899; — Von  Monakow, 
Nene  Gesichtsp,  iyi  d.  Frage  nnch  d.  Lok'al  in  Grossgehirn,  Wiesbaden, 

1911. 

* Marie,  Semaine  med.^  ^lay,  1906; — Marinesco,  Rev.  Gen.  Sc.,  p.  826,  1910. 

® Bianchi,  'Fhe  Brain,  Vol.  XVUl.,  y.  497,  1895. 
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is  obYious  ; with  it  disappears  the  inecliaiiisin  of  the  direction 
and  control  of  the  reflexes  ; fewer  neurons  are  brought  into 
play,  the  conscience  becomes  enfeebled,  and  the  duration  of 
the  rellexes  is  diminished  by  about  one-fourth,  owing  to  the 
lack  of  the  internal  activity  which  harmonises  thein.^  Brod- 
mann,  moreover,  has  noted,  in  the.  human  brain,  an  exag- 
gerated development  of  the  lower  portion  of  the  frontal 
lobe.  Physiologists  are  therefore  strongly  inclined  to  see 
in  this  tract  the  localisation  of  psychical  activity.-  “ Beat, 
friend,  upon  thy  brow  ; ’tis  there  that  genius  dwells,”  says 
the  poet.  But  as  a matter  of  fact,  we  cannot  admit  that  the 
neurons  of  the  frontal  region  possess  more  than  a superior 
function  of  control  and  moderation,  a function  which  is  devel- 
oped by  habit,  which  creates  strength  of  will,  coolness,  and 
apparent  moral  insen.sibility. 

Certain  writers  attach  no  less  importance  to  the  parietal 
convolutions,  because  they  arc  highly  developed  in  the  case  of 
men  of  superior  capacities  (notably  in  Kant  and  Gauss), ^ 
and  because  thev  are  greatlv  reduced  in  ihc  case  of  uneducated 
and  backward  jiersons,  and  in  negroes. 

Xow  this  is  not  very  decisive,  for  vhereas  Gauss’s  brain, 
for  example,  displayed  a predominant  frontal  lobe,  it  was 
also  discovered  that  it  contained  a profusion  of  line  con- 
volutions, which  some  regaidcd  as  indications  of  mathematical 
genius. 

So  far  we  must  admit  that  no  certain  information  of 
the  localisation  of  the  psychical  faculties  has  resulted 
from  the  studv  of  the  brain,  still  less  from  that  of  the 
skull. 

In  Fig.  17  we  give  a diagi'am  of  ceiebral  localisations,  in 
accordance  with  recent  ideas.  If  the  reader  will  remember 
that  the.  nervous  libres  of  the  spinal  cord  ci'oss  from  side  to  side 
in  the  region  of  the  bulb,  he  will  undersland  the.  reason  of  the 

‘ Fano  and.  Libertini,  Hrc//.  itnl.  Biol.,  Vol.  XX1\’.,  j).  438; — Oddi,  ibid.,\o\. 
XXi\\  p.  360,  1805. 

“ K.  J5]o(i-inanii,  Vergl.  Loknliialion-slthre  d.Gros.'ijt.,  Leipzig,  1909; — VerhandL 
d.  Armt.  Ge'^illsrh.,  Aprii,  1912. 

German  philosopher  and  a German  mathematician. 
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to  five  hundredths  of  a second  ; but  their 


Fio.  17. — Diagram  of  Ccrehrai  Localisation.^. 


5 long  in  the  ikav-1)oi’ii  cliild,  it  is  greatly  diininislie 
HI  the  adult  and  as  a result  of  practice.  On  the  other  ham 
it  is  increased  by  certain  lesions  of  the  nervous  centres,  jirinci 
pally  those  of  the.  cortex.  The.  name,  of  personal  cqualio. 
has  been  given  to  the  period  of  time  which  divides  the  momcn 
at  which  we  iierceive  a tactile,  visual,  or  auditive  .sensation 
and  the  moment  when  we  react  bv  a movement.  5Iair 
phenomena  occur  between  these  two  moments,  which  canno 
be  analysed  in  this  brief  survey  of  the  dvnamics  of  the  nervoii 


correspondence  between  the  left  cerebral  hemisjihere  and  the 
right  side  of  the  body,  and  vice  versa. 


XXIV.  The  Personal  Equation. — After  all,  the  brain 
should  be  studied  in  connection  with  its  physiological  proiierties, 
and  the  nervous  jirocesses  themselves.  In  this  connection  we 
know  that  rellexes  do  not  occur  with  uniform  rapidity  in  the 
case  of  every  individual.  The  most  rapid  rellexes  occupy  four 
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sysleiii.  We  ■will  simply  remark  that  the  normal  adult 
possesses  a ])ersonal  equation,  the  values  of  which  are  as 
follows  : 

Tactile  reaction  . . . . 0-14  of  a second. 

Auditive  reaction  . . . . 0-15 

Visual  reaction  ..  ..  0-19 

4’o  measure  it,  we  may  conveniently  employ  the  stimulation 
of  linht.  An  electric  current  illuminates  an  incandescent 
lain]),  now  red,  now  blue,  and  at  the  same  time  releases  a 


Desprcz  signal  (Fig.  18).  The  subject  perceives  the  sensatioir 
of  colour,  and  reacts  by  pressing  one  finger  on  the  red  or  the 
blue  key,  which  actuates  the  diaphragm  of  a simple  trans- 
mitting device.  4'he  time  is  recorded  in  hundredths  of  a 
second. 

The  distance  between  the  records  tiaced  by  the  Desprez 
signal  and  the  styles  of  the  transmitting  tambours  gives  the 
duration  of  the  reaction,  which  in  this  particular  instance 
comprises  an  additional  element,  that  of  choice  between  the 
two  linger-plates.^ 

Observation  has  definitelv  demonsliated  that  there  are 

%/ 

persons  whose  equation  is  long,  and  others  whose  equation  is 

^ For  otlier  types  of  apparatus  see  Toulouse  and  Pieron,  Technique  de 
Psijchologie  experinuyitale^  Vol.  II.,  2nd  ed.  Paris,  1911. 
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short  ; that  is,  they  may  be  divided  into  quick  and  slow  sub- 
jects. We  have  here  an  important  qualificative  classification, 
intrinsic  in  the  individual,  based  upon  his  proper  reactional 
condition,  into  which  enter  the  effects  of  heredity  and  educa- 
tion. A man  whose  reactions  are  slow  and  whose  sensations 
are  not  acute  is  not  fitted  to  perform  work  demanding  dexterity 
and  attention.  We  shall  see  later  on  that  the  personal  equation 
may  be  very  simply  determined  (see  § LXVI.).  The  volimtanj 
rnovemenls,  which  are  ordained  directly  by  the  brain,  without 
external  stimulation,  are  evidently  more  rapidly  produced  ; 
the  equation  mav  fall  as  low  as  -07  of  a second. 

As  for  the  purely  intellectual  qualities,  they  are  the  result 
of  disciplined  and  methodical  cerebral  training,  by  instruction, 
superimjiosed  upon  hereditary  influences.  They  are  revealed 
more  particularly  by  integrity  of  mind,  judgement,  and  attention, 
which  depend  far  more  upon  the  will  than  upon  sensitive- 
ness. An  experience  of  men  enables  one  to  estimate,  without 
any  serious  error,  the  degree  of  intelligence  possessed  by 
a man,  or  the  balance  of  his  mental  powers.  But  it  is 
highly  desirable  that  these  should  be  estimated  on  entering 
the  school  or  the  worksho]) ; that  a sort  of  psychometric 
record  should  be  kept,  of  a faithful  and  accurate  character. 
Later  on  this  would  provide  useful  information,  which  could  be 
supplemented  by  means  of  discreet  and  skilful  inquiries  made 
of  friends  and  relatives.  For  to  rel}",  when  making  a selection 
of  persons,  on  the  impression  received  upon  seeing  them,  and 
hearing  them  speak,  is  to  run  the  risk  of  serious  errors.  Very 
often  the  appearance  of  a man  tells  nothing,  and  the  subject 
of  conversation,  and  the  circumstances,  are  unfavourable 
to  any  display  of  his  qualities.  In  matters  of  knowledge  and 
behaviour,  and  of  physical  and  intellectual  capacity,  long  and 
methodical  experience  must  be  the  only  guide. ^ 

Neither  must  it  be  forgotten  that  the  psychical  qualities 
are  for  the  most  part  hereditary,  and  are  transmitted,  as  are 
physiological  defects  and  mental  weaknesses,  through  several 
generations.  It  is  the  same  with  the  intellectual  habits 

' In  this  connection  see  Mrs.  Gilhreth,  The  Psycholcgy  of  Manage^neni,  New 
York,  1914  (Sturgis  and  Walton). 
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acquired  liy  exercise.  Huinplirey  Davy  obserYed  that  tliis 
was  tlie  reason  wliy  Moses  forliade  tlie  llelirews  to  wed  witli 
idolaters. 1 It  is  a reason  which  loses  none  of  its  force  when 
ap])lied  to  the  conditions  of  civilisation  and  culture. 

And  all  these  elements,  physiological  and  ])sycho!ogical, 
which  we  have  considered  in  isolated  groups,  must  in  reality 
be  grouped  in  the  light  of  their  mutual  relations,  which.are  not 
merely  parallel,  but  intimate  and  profound.  These  psycho- 
physiologica!  relations  are  of  interest  to  the  employer,  the 
factory  manager,  the  ])hysician,  and  the  legislator. 

XXV.  Psycho-physiological  Relations. — Pleasure. — Me 
have  stated  that  every  external  imjiression  is  the  oiigin  of  a 
sensation.  This  sensation  may  remain  latent,  being  neutralised 
liy  others,  and  may  kder  on  release  a rellex  ; it  is  none  the 
less  true  that  there  is  a diminution  or  angmenlalion  of  nervous 
energy  at  the  point  which  has  been  alTccted. 

Sensation  may,  and  frec[uenlly  does,  give  rise  to  manijest 
emolional  acliinlies,  to  i>ain  or  pleasure.-  MT  are  all  familiar 
wilh  instances  of  repressed  emotion  ; and  men  have  been 
known  to  fall  dead  of  a “ broken  heart,”  although  there 
was  nothing  to  betray  their  increasing  grief.  The  neutralisa- 
tion of  the  emotions  is  a function  of  the  cerebral  cortex,  acting 
through  the  optic  thalami  or  the  bulb  (,^ee  Fig.  12)  ; but  it  is 
dependent  upon  the  sound  condition  ol  the  digestive  organs 
and  the  heart,  which  are  innervated  by  these  centres. ^ Above 
alt,  we  must  not  lose  sight  of  the  fact  that  rejiressed  emotions 
may  in  a greater  or  less  degree  modify  the  neuro-muscular 
energy.  In  any  case  they  i-eveal  a trained  will. 

But  the  absence  of  visible  indications  of  rellexes  is  sometimes 
connected  with  a condition  of  intellectual  decay.  In  such 
cases  it  is  necessary  to  make  sure,  by  means  of  a cautious 
analysis,  whether  the  emotive  .system  is  intact.  In  this 
connection  excess  is  preferable  to  deficiency,  for  it  must  be 

' Humjihrey  Ilavy,  The  Lust  Days  of  a J’hilo.sojiher. 

"See  Beehterev,  PsyrhoJogie  ohjeciive^  Paiis,  Akan,  19] 4. 

2 Bri-isaud,  Leqons  a hi  Snljy^trure,  \'ol.  I.,  Paris,  1895; — Becliteiev  and 
Mislavsky,  Hoc.  neuroh  et  Psych. y Kazan,  IHOIk 
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remembered  tliat  the  inlelligence  is  directly  dependent  upon 
sensibility. 

The  man  who  is  experiencing  an  emotion  behaves  dilTerently, 
accordingly  as  it  is  a cheerful  or  a depressing  emotion. 

The  emotions  of  pleasure  and  joy  increase  the  tonicity  of 
the  voluntary  muscles,  and  incline  them  to  effort  ; tliev 
exert  an  inhibitive  effect  upon  painful  sensations,  and,  to  a 
certain  extent,  cause  fatigue  to  be  overlooked.  These  facts 
have  been  known  from  antiquity  : 

MoUiler  aiislerum  sliulio  jallenle  laborem  (Horace). 

The  respiration  becomes  accelerated,  and  maintains  the 
energies  ; the  heart  increases  the  amplitude  of  its  beats,  and 
the  circulation  of  the  blood  is  stimulated  on  the  surface  ; there 
is  a cutaneous  vaso-dilatation.  Evervthiug  which  mav 
contribute  to  these  phenomena  of  nervous  and  cardiac  tonicity 
should  be  regarded  as  desirable  : rewards,  jirizes,  com- 
petitions, decorations,  and  moral  advantages  ; they  are  not 
unwelcome  at  any  age;  it  is  a matter  of  receiving  one’s  deserts, 
which  we  are  naturally  inclined  to  make  manifest.  Sports  and 
amusements  act  as  veritable  tonics  when  they  are  employed 
without  excess  ; they  are  as  necessary  to  the  workshop  as  to 
the  school ; a recreation-room  or  a playground  is  a factor  of 
good  work,  the  cost  of  which  is  negligible  in  view  of  its  utility. 

Xot  only  does  the  degree  of  pleasure  merit  attention,  but 
also  its  selection  and  its  appropriation,  having  regard  to 
age,  sex,  habits,  and  degrees  of  intelligence. 

Sensations  of  a joyful  nature  do  more  than  stimulate  activity, 
they  favour  the  vital  processes  ; they  facilitate  the  digestion 
of  food,  and  add  to  the  abundance  and  efficacy  of  the  digestive 
secretions.  Moreover,  in  the  cycle  of  organic  repair  we  find 
that  cellular  renovation  is  more  rapidly  etTected.  Sohfers 
who  have  performed  some  distinguished  action  recover  c[uickly 
from  their  wounds.  “ Joyous  men,”  said  old  Pare,i  ‘‘  always 
recover.” 


l i 
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XXVI.  Pain. — The  phenomena  due  to  grief  and  pain 
are  absolutely  the  reverse  of  those  we  have  been  considering. 

' Ambroi.se  Pare,  the  great  French  surgeon,  horn  at  Laval  (1517-1590). 
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They  are  characterised  by  a disturbance  of  the  muscular  inner- 
yalion,  an  inhibition  which  makes  one  feel  “ as  if  one’s  arms  and 
legs  were  broken.”  The  respiration  is  embarrassed,  dyspnoeic  ; 
the  moyemcnls  of  the  heart  are  of  reduced  amplitude  ; the 
cutaneous  circulation  is  scanty  ; there  is  a peripheral  yaso- 
constriction. 

The  cardiac  manifestations  are  strongly  marked,  and  often 
serious  ; notably  in  cases  of  fear  and  anger.  The  surgeon 
Desault,  during  the  Reyolution,  obseryed  that  affections  of 
the  heart  and  aneurisms  were  far  more  common  during  that 
terrible  period.  The  number  of  aged  persons  who  haye  died 
during  the  present  war  is  yery  great.  This  may  in  part  be 
explained  by  the  narration  of  the  atrocities  committed,  and 
the  unheard-of  employment  of  new  weajions  of  warfare  : aero- 
planes, dirigibles,  incendiary  bombs,  submarines,  asphyxiating 
gases,  etc. 

Violent  emotions  cause  a powerful  excitation  of  the  bulb, 
and  giye  rise  either  to  palpilalions  or  to  syncope,  with  all  its 
consecfuences.  For  in  the  bulb  origimites  one  of  the  most 
important  neryes  of  the  organism  : the  vagus  or  pneiunogaslric 
nerye,  whose  branches  are  distributed  oyer  the  head  and 
neck,  and  through  the  thorax  and  the  abdomen.  It  arrests 
the  heart,  which  is  completely  filled  with  blood,  in  the  diastolic 
phase.  By  this  a blow  is  immediately  struck  at  the  yitality 
of  the  brain ; the  consciousness  disappears ; the  organs 
become  insensible,  and  the  muscles  relax.  Cardiac  syncope 
is  thus  complicated  by  cerebral  anaemia  and  physical  depres- 
sion. 

Haying  regard  to  the  importance  of  the  circulation  of  blood 
through  the  tissues  it  will  be  understood  that  any  cause  which 
impedes  it  compromises  human  life  and  energy.  The  relation 
between  the  heart  and  the  brain  is  clearly  established,  and  it 
is  the  most  actiye  and  essential  relation  of  the  organism.  It 
plays  its  part  in  anger,  as  in  discouragement  and  fear,  engender- 
ing disorders  of  locomotion,  lack  of  co-ordination  in  the 
moyements,  and,  in  some  cases,  an  actual  paralysis  of  the 
limbs  ; it  exerts  an  inhibitory  effect  upon  the  glandular  and 
digestiye  secretions,  but  fa\'ours  the  secretion  of  tears,  and 
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also  increases  the  peristaltic  moyements  of  the  intestines  and 
the  contractions  of  the  bladder.  Experiment  has  demon- 
strated that  such  emotions  excite  the  Rolandic  area  of  the 
cerebral  cortex.^ 

Boredom,  ennui,  mental  discontent,  should  also  be  included 
in  the  category  of  painful  sensations.  It  diminishes  the 
tonicuy  of  the  muscles,  which  contract  less  swiftly  and  with 
less  amplitude,  and  deyelop  less  power. It  causes  a slight 
anaemia  of  the  brain,  which  renders  the  latter  incapable  of 
good  and  regular  work  ; finally,  it  dilates  the  blood-yessels, 
producing  a condition  of  stasis  in  the  latter,  which  is  reyealed 
by  a tendency  to  yawn.  An  agreeable  emotion  will  immedi- 
ately abolish  these  disagreeable  phenomena. 

As  for  pain,  it  has  no  effect  upon  the  brain  excepting  through 
the  relation  between  the  brain  and  the  heart,  for  the  organ 
of  thought  is  in  itself  not  subject  to  pain  ; one  may  touch  the 
brain  or  press  the  heart  when  these  organs  are  uncoyered,  but 
there  will  be  no  perception  of  pain.  Once  again,  poetry  is  in 
the  wrong. 

But  the  enyeloping  membranes  of  the  brain,  aboye  all  the 
dura  under,  may  become  painful ; it  is  only  these  tissues 
which  are  affected  by  disagreeable  sensations,  the  result 
being  headache.®  But  pure  mental  pain  is  the  work  of  the 
imagination  ; it  draws  its  sustenance  from  the  seat  of  the 
memory,  and  arouses  all  the  echoes  of  the  past.  One  might 
almost  say,  with  Richet,  that  it  is  “ a function  of  the  intelli- 
gence,” ‘ for  it  is  less  keen  in  simple-minded  persons,  and  does 
not  persist,  does  not  “ keep  yigil  ” ; it  is  almost  unknown 
in  idiots,  lunatics,  and  the  feeble-minded. 

Physical  or  psychical  pain  is  in  proportion  to  our  sensibility, 
to  the  delicacy  of  our  senses,  to  the  intensity  of  excitation  : 

* Bechtcrev  and  Mislavskj’,  Arch.  f.  Annt.  u.  Physiol.,  Suppl.  p.  243,  188S); 

p.  380,  1801. — Boclicfontaine,  de  Physiol.,  ]>p.  140-172,  1870. — Beditertv, 

Die  fnnetionen  d.  Nerrenrenira,  Jena,  1008-11. 

- W.  C.  Lombard,  Journ.  of  Physiol.,  Vol.  Xlll.,  p.  1,  1802  ; — Jules  Auiar, 
L"  Motenr  Huniain,  p.  204 

^ Lennander,  Mitteilirngen  aus  d.  Gnn:gcb.  d.  Med.  u.  Chir.,  Vol.  X.,  pp.  38-104 
and  H54-202;  Vol.  XIII.,  pp.  303-372;  1002  and  1004. 

* Ch.  Richet,  article  on  Douleur,  in  the  Dirlionn.  de  Physiol.,  Vol.  V.,  p.  173. 
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habil  lessons  its  elTecls.  The  cliild  who  is  accustomed  to 
having  blows  rained  upon  him,  the  ])upil  or  a])prenticc  who  is 
constantly  subjected  to  abuse  and  insult,  no  longer  feels  more 
than  an  indifferent  amount  of  i)ain.  The  nervous  element 
whose  energy  has  been  exhausted  by  ])ain  finds  it  difficult  to 
recover  its  power  of  reaction,  its  irritability,  especially  if  it 
has  lieen  overcharged  by  very  powerful  and  painful  excitation. 

The  domain  of  pain  is  the  most  extensive  of  all  because 
it  embraces  the  enlire  tactile  area.  Anil  it  is  no  less  extensive 
in  time,  for  pain  survives  in  the  consciousness  by  means  of  a 
sort  of  vibration  which  becomes  damjted  but  slowly,  and  on 
the  first  opportunity  its  amplitude  is  again  increased.  This 
survival  makes  pain  a vigilant  guide,  enabling  us  to  avoid  einl 
in  all  its  aspects  ; it  makes  it  a factor  of  teaching  and  discipline. 
“ Painful  emotions,”  writes  Ch.  Richet  (toe.  cit.,  p.  191),  “ move 
us  profoundly,  remaining  fixed  in  the  memory,  when  they  direct 
our  conduct.  The  whole  intellectual,  moral,  and  social  develop- 
ment of  humanity  is  the  result  of  painful  emotion  which  has 
to  be  avoided.  The  knowledge  of  things  interests  us  only 
because  it  constitutes  a means  of  fighting  pain  more  elTectually. 
Bloodless  science  does  not  stir  us  ; it  is  not  a guide  ; it  is  not  a 
motive  of  action  ; while  pain  is  the  great  motive  force  of  the 
life  of  sentient  beings.” 

It  is  plain,  however,  that  in  order  to  be  salutary,  ‘‘  in 
order  to  be  the  mainspring  of  our  actions  ” (Voltaire),  pain 
must  respect  the  order  and  integrity  of  the  economy  ; it  must 
not  give  rise  to  any  profound  disturbance  ; it  must  threaten, 
without  irremediably  injuring.  Only  I hen  does  it  become  a 
factor  of  energy. 


XXVII.  The  Psycho-physical  Law. — But  that  which  in 
any  sensation  dominates  our  faculty  of  perception,  whether 
the  sensation  be  tactile,  sonorous,  or  visual,  is  the  degree 
oj  that  sensation  ; in  other  words,  it  is  the  retation  which 
our  consciousness  has  to  establish  between  the  sensation  and 
the  excitation  which  has  given  rise  to  it. 

bA'eryday  experience  teaches  us  that  one  person  will  appre- 
ciate a minimum  diljercnce  of  audgld  belter  than  another  ; but 
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that  the  same  difference  may  be  unperceived  when  the  weight 
itself  is  increased. 

F.  Weber  noted  that  in  order  to  be  dcfinitehj  perceptible 
the  (lifTerence  between  the  two  weights  should  represent  a 
constant  fraction,  equal  to  l-17th  of  either  of  them.^  But 
this  is  not  correct  ; the  difference  need  not  be  increased  as 
rapidly  as  the  weights  ; in  other  words,  the  intensitg  of  sensa- 
tion progresses  less  rapidly  than  the  intensity  of  stimulation,  the 
curve  of  sensation  Iving  alwavs  beneath  the  curve  of  stimula- 
tion.  This  mode  of  progression  is  known  as  logarithmic ; 
it  was  recognised  by  Jacques  Bernouilli,  and  more  clearly 
defined  by  Laplace,^  in  connection  with  the  mental  good 
experienced  when  there  has  been  an  increase  of  material 
good. 

Various  writers  have  observed  that  this  is,  in  general,  the 
relation  which  exists  between  sensations  and  stimulations. 
For  example,  according  to  Xicati  ® sensations  of  luminosity 
are  in  a logarithmic  relation  to  the  intensity  of  the  visible 
sources  of  light. 

But  as  a matter  of  fact  the  psycho- physical  law  is  correct 
only  within  very  narrow  limits  as  regards  the  intensity  of 
excitation,  and  Fechner  was  wrong — doulfiy  wrong — in  calling 
it  a “ formula  of  psychological  measurement,”  and  in  allowing 
it  to  be  described  as  “ Fechner's  Law,”  ^ for  it  is  devoid  of 
real  theoretical  or  i)ractical  value.  ” It  will  remain,”  in  the 
words  of  James,  ” like,  a fossil  in  the  history  of  psychology.”  ’ 

Yet  there  is,  there  must  be,  a law  of  this  kind  ; but  it  must 
be  more  complex,  and  lime  should  figure  in  it,  for  sensation 


depends  at  once  upon  the  intensity  and  the  duration  of  the 
excitation.  By  virtue  of  its  very  nature  it  is  perfectible,  in  the 
sense  that  an  individual  constant  must  be  introduced  into  the 
expression  of  this  psycho-phy.sical  law.  We  shall  not  attempt. 


^ E.  Weber,  Hnmhcdri.,  Vol.  111.,  2nd  part,  p.  481,  l84t). 

“ JacTpies  Bernouilli,  Conjectmidi,  French  trans.  i>y  \'astel,  p.  (il  ; Paris, 
ISOl  ; Laplace,  (Eavres  (autliorized  ed.),  Vol.  VII. , p.  441,  1829. 

•‘Xicati,  La  psychologie  naturdle,  ])p.  165,  225,  Paris,  1898. 

Fechner,  Elemente  der  Psychophysik,  Leijizig,  1800. 

^ W.  James,  Principhs  of  Psychology,  Vol.  1.,  j).  549,  1901. 
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in  a volume  dealing  with  the  elements  of  our  subject,  to  go 
deeply  into  a particularly  diihcult  problem  of  a mathematical 
nature. 

XXVIII.  Conclusion. — We  may  conclude,  in  a general 
manner,  that  the  body  and  the  mind,  in  their  development, 
are  obedient,  on  the  one  hand,  to  inevitable  heredilarii  inllu- 
ences  ; those  influences  of  which  we  might  say,  in  the  words 
of  the  old  French  proverb,  Chassez  le  natnrel,  il  revienl  an  (jalop. 
And  again,  on  the  other  hand,  they  are  subject  to  the  environ- 
ment, both  physical  and  social.  By  I his  latter  I mean  the 
complex  of  ideas,  sentiments,  and  aspirations,  of  a more  or  less 
confused  nature,  which  shape  humanit} . Our  evolution  may 
thus  undergo  improvements,  and  may  tend  toward  perfection. 
This  is  precisely  where  education  comes  in,  a methodical  educa- 
tion which  adapts  its  effects  to  the  age  and  the  constitution 
of  the  individual  ; which  works  without  interruption,  but 
without  forcing  the  jiace  ; whose  principles  are  those  of  a 
healthy  culture,  not  those  of  cramming  or  over-loading. 
What  could  he  more  criminal  than  to  make  learned  men  or 
scholars  of  lifteen  years  ! Or  to  entrust  diflicult  and  protracted 
tasks  to  children  who  have  not  yet  comjfleted  their  eighteenth 
year  ! Science  denies  the  value  of  these  intemperate  methods, 
these  abuses,  which  would  ])ave  the  way,  did  not  the  legislator 
take  serious  ])recautions,  for  mis-shapen,  sickly  races,  and  a 
stunted  humanitv. 

If,  on  the  contrary,  the  normal  development  of  the  human 
personality  is  realised  by  effective  means,  all  the  aptitudes  dis- 
play themselves,  and  unfold  completely  and  sanely.  Then  each 
individual  reveals  his  special  capacities,  whether  for  specula- 
tive science  or  for  art.  Industry,  which  should  assign  the  man  to 
the  task  which  suits  him,  in  which  he  vill  turn  all  his  lalents 
to  account,  will  quickly  accomplish  its  work  of  selection.  And 
the  same  in  all  the  trades  or  professions,  which  are  nowadays 
so  numerous  ; a judicious  examination,  a fair  and  unerring 
investigation,  will  make  it  possible  to  apportion  the  work  of 
society,  the  task  of  eternal  progress,  among  those  whose 
competence  is  recognised.  It  is  a matter  of  putting  the  right 
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man  in  the  right  place.  The  classification  of  men  is  not  the  same 
thing  as  their  subordination  ; every  man  who  knows  a trade 
and  follows  it  conscientiously  ought  to  be  proud  of  it ; the 
task  of  the  labourer  is  one  with  the  work  of  the  engineer.  I 
will  even  go  to  the  length  of  claiming,  with  Voltaire,  that 
the  man  who  devised  the  shuttle  had  the  best  of  it,  with  a 


t i 


vengeance,  over  the  man  who  conceived  the  doctrine  of 


innate  ideas.” 

And  lastly,  it  would  be  merely  justice  to  take  moral  worth 
into  account  ; it  is  one  of  the  levers  of  prosperity  ; it  is, 
in  every  way,  the  best  safeguard  against  the  temptations 
among  which  the  mind  may  suffer  shipwreck.  The  idea  of 
duty  and  responsihilitij  is  readily  acquired  when  it  is  taught 
from  early  youth,  and  represented  by  the  examples  of  home 
life.  It  is  thus  above  all  an  attribute  of  the  family,  and,  in 
the  long  run,  a hereditary  virtue. 

It  appears  to  me  that  morality  is  more  highly  developed, 
at  all  events  in  France,  in  the  lower  strata  of  societv  ; it 
would  attain  an  even  higher  development  could  poverty  be 
diminished.  The  man  of  the  people  possesses  frankness  and 
sincerity  in  a greater  degree  than  the  educated  and  refined 
member  of  society,  for  he  has  not  learned  the  art  of  disguising 
his  thought  ; he  speaks  and  acts  naturally,  and  nature  never 
deceives. 

To  the  German  ])hysician  IMiibius,  whose  theory  of  the 
intellectual  superiority  of  the  male  has  already  been  men- 
tioned (p.  42),  the  moral  equality  of  the  two  sexes  does  not 
appear  to  admit  of  any  doubt.  I think  I have  given  the 
strongest  reasons  for  disallowing  the  former  claim  ; but  as 
for  the  latter,  I will  say,  with  the  ancient  philoso})her  : ‘‘  Let 
us  not  venture  to  discuss  this  problem,  for  it  would  be  an 
olfence  to  the  Divinity.” 

Let  us  only  beware  lest  we  stifle,  by  means  of  injustice  and 
abuses,  the  flower  of  the  moralitv  of  our  race.  Let  us  do  our 
utmost  to  encourage  those  who  combine  unfailing  honesty 
with  sound  judgement,  for  they  are  the  guardians  of  the  treasure 
of  civilisation. 
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WORK  AND  FATIGUE 


XXIX. — It  has  already  been  explained  that  the  human 
machine  is  subject,  as  far  as  its  motive  force  is  concerned,  to 
the  same  laws  as  inanimate  motors.  In  its  cells  it  possesses 
innumerable  silent  furnaces  ; it  feeds  itself  with  fuel  and 
oxygen  ; it  derives,  from  the  chemical  energy  of  the  nutriment 
absorbed,  both  heat  and  work  ; it  charges  the  muscles  and 
makes  them  ready  to  contract,  thereby  actuating  the  imple- 
ments represented  by  the  robust  limbs  of  the  working-man,  the 
skilful  members  of  the  artist,  or  the  agile  digits  of  the  typist, 
the  author,  the  pianist,  or  the  seamstri'ss. 

So  much  for  the  energy  available.  How  does  it  act  ? And 
how  measure  it,  how  discipline  it,  how  use  it  with  care  and 


economv  ? This  is  what  we  shall  now  briellv  consider. 


A.  Mrscri.AR  Activity. — If  we  had  not,  in  the  magiiitude 
of  the  respiratory  exchanges,  the  true  expression  of  all  muscular 
activilij,  we  could  form  only  an  approximate  idea  of  it,  for  static 
elTorts  are  not  the  same  thing  as  work  performed,  and  cannot 
be  measured,  yet  they  affect  the  resist aiice  of  the  organism, 
and  produce  fatigue.  It  fatigues  a man  merely  to  remain 
standing  all  day,  overseeing  a workshoji,  even  though  he  does 
not  move  a step. 

This  form  of  activity  is  the  least  useful.  Usually  activity 
involves  moucmenl,  walking,  iTinning,  or  work  ^ done  upon 
various  implements,  and  the  expenditure  of  both  physical  and 
intellectual  energy. 

1 Work  done  is  of  course  expressed  in  terms  o1  the  elfort  or  force  exerted, 
multiplied  hy  the  dist;u;ce  over  which  it  is  exerted.  Thus,  when  water  is  drawn 
from  a well,  the  factors  of  tlie  work  done  are  the  effort  cxt^rtetl  on  the  rojie  and 
the  depth  of  the  Aveil. 
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Our  limbs  or  our  bodies  move,  actuated  by  muscular  con- 
traction. When  a limb  moves  away  from  the  body  its  move- 
ment is  a movement  of  abduction,  and  when  it  draws  nearer 
to  the  body  its  movement  is  a movement  of  adduction.  Its 
ventral  position  (the  fore-arm  outstretched,  with  the  palm 
of  the  hand  turned  downward)  represents  the  movement  ol 
pronalion ; the  contrary  or  dorsal  position  represents  the 
movement  of  supination. 

Not  only  does  it  assume  a variety  of  positions,  but  the 
same  limb  will  involve,  according  to  circumstances,  the 
contraction  of  dilTerent  muscles,  which  combine  and  harmonise 
their  effects.  One  supjio.ses,  for  example,  that  the  muscles 
of  the  upper  arm  actuate  the  fore-arm.  But  the  muscles  of 
the  shoulder  help  to  do  so  more  effectually,  the  former  acting 
upon  the  elbow  when  an  effort  of  simple  traction  by  the  hands 
is  intended.  The  liighlv  flexible  articulation  of  the  wrist  is 


hardly  subjected  to  any  efl'ort ; it  is  very  delicate,  moreover,  and 
belter  adajited  to  perform  quick  movements  than  forcible  ones. 

lo  the  action  of  the  muscles  which  produce  the  movement 
is  added  that  of  their  antagonists,  as  in  the  case  of  the  fle.ror 
and  e.vtensor  muscles  ; and  it  is  thanks  to  a combination  of 
muscular  ellorls  that  we  are  able  to  move  a limb  in  the  direc- 
tion and  with  the  degree  of  celerity  desired.  It  would  not, 
therefore,  be  sunicient,  did  we  wish  to  estimate  the  muscular 
work  performed  in  flexing  the  fore-arm,  to  know  the  force 
exerted  by  the  biceps  and  the  magnitude  of  the  movement  ; 
we  should  also  require  lo  know  what  force  was  exerted,  what 
work  done,  by  the  triceps,  its  antagonist.  The  muscular 
system,  as  we  know,  acts  under  the  control  of  co-ordinated 
nervous  excitations,  each  grouji  of  muscles  acting  sgnergeti- 
cally.  For  example,  if  we  wish  to  raise  our  arms,  the 
abductor,  adductor,  and  levator  muscles  intervene,  the 
first  helping  to  carry  the  arm  forward  or  backward.  If  we 
wish  to  tower  the  same  limbs,  the  depressors  will  then  come 
into  play,  not  as  antagonists  of  the  levators,  but  as  moderators 
of  the  falling  movement.  The  brachial  biceps,  on  the  other 
hand,  is  not  exclusively  a flexor  muscle  ; it  is  also  a supinator  ; 
we  feel  its  distension  when  we  turn  a stiff  key. 
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'fhe  rectus  femoris  (see  Fig.  11)  is  not  merely  an  exlensor  of 
the  lower  leg  ; it  is  also  a Ilexor  and  levator  of  the  thigh,  and 
serves  to  maintain  the  equilibrium  of  the  hips. 

The  modalities  of  muscular  action  are  numerous,  and  are 
not  without  influence  upon  the  degree  of  fatigue;  we  ought 
to  understand  how  to  confine  muscular  action  to  the  strictly 
useful  elTect,  with  the  smallest  expenditure  of  energy  ; it  is 
important  to  avoid  supcrlluous  contractions,  and  movements 
in  which  part  of  the  effort  is  wasted  or  annulled.  This 
economy  is  of  the  greatest  value  in  prottiesis  after  amputation. 

Sports  and  games,  notably  boxing  and  fencing,  are  in 
certain  senses  comparable  to  industrial  labour  ; but  in  them 
the  elimination  of  useless  rnovemenls  has  been  brought  to  a 
much  higher  pitch.  Good  athletes  are  careful  to  avoid  such 
movements,  for  their  reputations,  and  sometimes  their  lives, 
are  involved.  Phijsical  education  must  employ  the  same 
economy,  for  the  sake  both  of  discipline  and  of  health. 

Use  educates  the  activity  of  the  muscles,  and  produces 
perfect  regularity  ; automatism,  lhanks  to  the  bulbar  reflexes, 
takes  charge  of  our  movements,  and  a kind  of  dynamic 
instinct  eventually  imposes  its  sovereign  laws  upon  the  human 
machine. 

XXX.  The  Measurement  of  Muscular  Activity  — The 
direct  evaluation  of  all  these  forces  is  interesting  work.  To 
begin  with,  it  gives  ns  information  concerning  the  dilliculty  of 
this  or  that  handicraft,  and  enables  us  to  determine  if  it  can  be 
practised  by  women,  or  children,  or  even  by  invalided  soldiens, 
or  the  cripples  of  war  and  industry.  It  is  equally  necessary 
if  we  are  to  appreciate  the  progress  of  plujsiccd  education  and 
the  restoration  of  muscular  strength,  and  to  compare  the 
work  accomplished  with  the  energy  expended  upon  it — a 
comparison  which  tells  us  if  a good  or  a bad  output,  or  ratio 
of  elliciency,  is  being  obtained. 

We  obtain  these  measurements  (>f  forces  by  means  of 
graphic  inethods,  by'  direct  registration,  according  to  the  rules 
formulated  fifty^  years  ago  by  the  famous  French  physiologist, 
Marey  (1830-1904). 
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The  muscles  are  made  to  act  upon  springs  which,  under 
the  conditions  of  the  experiment,  undergo  compression  and  a 
slight  change  of  form.  Each  of  these  springs  terminates  in  a 
disc.  This  compresses  a small  rubber  ball.  This  ball,  by 
means  of  a llexible  tube,  is  connected  with  a small  metallic 
cup,  over  which  a rubber  membrane  is  stretched.  This  is 
known  as  a Mareg  tambour  (Fig.  19).  Compression  of  the 
l)all  produces  a jiressure  of  air  in  the  tambour,  and  raises  the 


Sty /us 


a ray's  Tambour 


Dynamometer 


Rubber 
Ball  " 


1 IG.  19.— Diagram  of  Kceording  or  Gra])hic  Dynamometer. 

recording  lever  or  stylus  which  is  actuated  by  the  membrane. 
If  we  arrange  the  stylus  in  contact  with  a recording  cijlinder, 
such  as  is  fitted  to  a recording  aneroid  barometer,  we  sliall 
olitain  a written  record  of  the  muscular  efforts  exerted,  ampli- 
lied  to  the  desired  extent  (Fig.  20). 

I have  applied  myself  to  devising  dynamographic  apparatus 
which  can  be  adapted  to  all  kinds  of  tools,  and  which  give  me, 
under  any  circumstances,  clear  and  faithful  graphic  records. 

If  it  is  desired,  for  example,  to  analyse  the  efforts  F and  Fh 
exerted  by  a man  using  a tile  in  finishing  steel  or  brass,  the 
tool  is  fitted  with  suitable  attachments  precisely  where  it  is 
gripped  by  the  hands,  and  the.se  attachments  are  connected 
with  i\Iarey  tambours  mounted  on  a carriage.  In  this  way' 
we  may  record  all  the  forces  in  action,  and  all  the  components 
of  these  forces.  It  will  readily  be  perceived  that  the  vertical 
components,  V and  Vf  combine  to  press  down  upon  the  file  and 
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Fig.  20. — Recording  Cylinder  with  Marey  Recording  Drums,  arranged  to  record 

the  Efforts  of  a Man  tiling  Metal. 

Fig.  22  sliows  the  file  with  its  dyiianiographic  attachments  ; 
to  these  must  be  added  a special  su}iporl,  which  measures 
the  pressure  exerted  upon  the  block  of  metal. 


Fig.  21. — Analysis  of  the  Efi'orts  exertcfl  in  tiling  Metal. 


The  file  is  fitted  at  its  free  extremity,  at  D,  with  springs, 
each  of  which  compresses  a rubber  ball,  the  attachments  of 


to  make  it  bite,  while  the  horizontal  efforts,  H and  HS  cause 
the  sliding  motion,  and  therefore  perform  the  useful  work 
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which  record  the  pushing 
force  and  the  pressure  of 
the  left  hand  ; while  the 
handle  encloses  a spiral 
spring,  S,  and  a rubber 
ball,  B,  which  actuates 
the  stylus  recording  the 
pushing  effort  of  the 
right  hand.  For  detailed 
calculations  we  must  refer 
the  reader  to  our  volume 
on  Le  inoleur  luunain  (pp. 
528-552),  which  shows 
how  a number  of  tools 
and  implements  may  be 
adapted  for  dynamo- 
graphic  purposes  (spade, 
hammer,  shears,  wheel- 
barrow, etc.).  However, 
we  shall  once  more,  in 
these  pages,  describe  the 
registering  joinling-plane 
and  the  registering  spade. 
The  thrust  of  the  arm, 
acting  upon  the  handle 
of  the  plane  (Fig.  23),  is 
decomposed  into  the  hori- 
zontal effort  which  moves 
the  tool,  and  the  vertical 
effort,  which  presses  the 
tool  upon  the  plank  to 
be  planed.  By  means  of 
rubber  attachments  suit- 
ably disposed  this  pre.s- 
sure  is  measured,  as  w'ell 
as  the  total  force  exerted 
upon  the  handle  ; from 
these  data  the  horizontal 
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to  imiko  il  bile,  wliile  llie  horizontal  clTorts,  II  and  IP,  cause 
the  sliding  motion,  and  tlicrefore  perfonn  the  useful  work 
(Fig.  21).' 


i\rrang(*(l  to  record 


Ivccording  Cyiindri'  with  Mav(*y  l^^etp’ding  .nium: 
the  KiTort"  of  a ^lan  tiling  !Me1al. 


Fig.  22  shows  tlic  tile  with  its  dynainographic  attachments  ; 
to  these  ninsl  be  added  a special  suppoit,  which  measures 
the  pressure  exerted  upon  the  block  of  metal. 


The  file  is  litteil  at  its  free  extremity,  at  1),  with  springs, 
each  of  which  compresses  a rubber  ball,  the  attachments  of 
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which  record  the  pushing 
force  and  the.  pressure  of 
the  left  hand  ; while  the 
handle  encloses  a sjiiral 
spring,  S,  and  a rubber 
ball,  H,  which  actuates 
the  stylus  recording  the 
pushing  etiort  of  the 
right  hand,  h'or  detailed 
calculationswe  must  refer 
the  reader  to  our  volume 
on  Le  molcur  luimaiu  (pp. 
528-552),  which  shows 
how  a number  of  tools 
and  implements  may  be 
adapted  for  dynamo- 
grajihic  juirposes  (spade, 
hammer,  shears,  wheel- 
barrow, etc.).  However, 
we  shall  once,  more,  in 
these  ])ages,  describe  the 
registeriufj  juinliny-planc 
and  the  rcgisleriiu/  spade. 
The  thrust  of  the  arm, 
acting  upon  the.  handle 
of  the  plane  (Fig.  23),  is 
decomposed  into  the  hori- 
zontal effort  which  moves 
the  tool,  and  the  vertical 
elTort,  which  presses  the 
tool  upon  the  ])Iank  to 
be  planed.  B}'  means  of 
rubber  attachments  suit- 
ably di.sposed  this  pre.s- 
sure  is  measured,  as  well 
as  the  total  force  exerted 
uju)!!  the.  handle  ; fi'oin 
these  data  the  horizontal 
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compoiieiil  is  deduced,  which  in  this  case  reiu-esents  I lie 
resistance  olTered  by  tlie  wood  to  the  iron  of  the  plane. 
On  tlie  other  hand,  the  plank  is  placed  between  two 
parallel  guides,  which  may  at  will  be  adjusted  at  varying 
distances  from  each  other.  On  each  guide  is  fixed,  along  its 
entire  length,  a very  flexible  rubber  tube,  which  is  juessed  out 
of  normal  shajic  by  the  lightest  contact  of  the  plane.  If  we 
connect  these  tubes  with  iNIarev  tambours,  we  obtain  a written 

V 

rerorcl  of  llie  jerks  resulting  from  imskillul  movemenls  on  llie 
narl  of  I he  worker. 
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Lastly,  the  allachments  which  enable  us  lo  n 
clvnainoi^raphic,  wlielher  it  l)e  employed  in 
embanking,  etc.,  or  in  agricultural  operations, 
l"\a  ‘>1  ; thev  register  the  total  llirusl,  or  resistai: 
ami  the  elTorls  exerted  in  removing  the-  spadefi 
excavated. 


Upper 
portion  of 
handle 


XXXI.  The  Measurement  of  Speed  or  Pace.  As  for  Ihe 
rapidity  of  voliinlanj  movemenls,  it  is  possible  lo  measure  Ihis 
simultaneously  with  the  measurements  of  the  elTorls  pul  forth, 
l)v  the  emplovmeul  of  a rai>id  chroiwyraph  measuring  fractions 
of  a second.  Even  with  the  fingers,  which  are  the  most  agile 
members,  it  is  unusual  to  accomplish  more  than  seven  move- 
ments per  second.  Taking  the  case  of  the  sell-registeriiig 
plane,  we  can  make  sure  of  regularity  of  movement  at  any 


DynamoKraphtc 

Spade 


Fig.  24. — !)ynaniogra{>hie  Sjia-.le  (detailed  Section.) 
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c-()iii[)()iK'iit  is  (U‘(1uc(.mI,  which  in  tliis  cnse  rcprosoiils  Ihc 
resistance  ollei'ed  by  llte  wood  to  llie  iron  of  the  plane. 
On  the  oilier  liand.  tlie  plank  is  placed  lielween  two 
jiarallel  oid'les.  which  may  at  will  be  adjusted  at  varying 
distanees  Iroin  each  other.  On  each  ynide  is  fixed,  aloipo  its 
entire  len<>lh,  a veiy  Ilexible  rubber  tube,  whieh  is  pi'essed  out 
of  normal  shape  by  the  liohlest  contac  t of  the  ])lane.  If  we 
connect  these  lubes  with  IMarey  lambonis,  we  obtain  a wiitlen 
I’c-cord  of  the  jerks  resiillino  from  nnskilful  movements  on  the 
[laid  of  the  woi’ker. 


'2>\.  lit  iiisU‘1  iiii! 


Lastly,  the  attachments  which  enable  ns  to  render  a spade 
dynamogi’aphic,  whether  it  be  employed  in  eKca\alion, 
embankino,  eLe.,  or  in  ai>rienllnral  operations,  are  shovn  in 
1m"'.  21  : Ihev  register  the  total  Ihrnsl,  or  resistance  of  the  soil, 
and  the  ellorls  exerted  in  removing  the.  sjiadefnl  of  malei'ial 
exeavaled. 

XXXI.  The  .Measurement  of  Speed  or  I’ace.  As  for  the 
rapidilii  oj  indunlari]  nwi’cmenls,  it  is  possible  to  measure  this 
simnllaneously  with  the  measurements  of  the  elTorls  pul  lorlb, 
bv  the  employment  of  a raiiid  (■Iiionofpapli  measuring  fraclions 
of  a second.  Kven  with  the  lingers,  which  are  the  most  agile 
members,  it  is  unusual  to  accomiilish  more  than  seven  move- 
ments per  second,  'baking  the  case  of  the  sell-i'egislering 
plane,  we  ean  make  sure  of  regularity  ol  movemenl  at  an\ 
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given  speed  ; while  the  number  of  jerks  to  right  or  left  regis- 
tered upon  the  recording  cylinder  will  inform  us  of  the  faults 
to  be  corrected. 

One  might  also  make  use  of  the  cinematograph,  recording 


Fig.  25. — Gra])hic  Kecoid  of  the  Work  of  a good  Workman  using 

the  File. 


on  a film  run  at  a known  speed  the  various  positions  of  the 
tool. 

This  method  also  enables  us  to  note  all  the  attitudes  assumed 
by  the  body  during  work,  and  enables  us  to  recognise  any 
defects.  Lastly,  following  the  example  of  Dr.  Gilbreth,  we 
may  attach  a small  incandescent  light  to  the  worker’s  hand, 
and  obtain,  by  means  of  photography,  the  cycle  of  his  move- 
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rnents.  Cijclogiaphi],  if  not  an  original  method,  has  certain 
advantages  which  we  cannot  go  into  here.^ 

The  combined  graphic  record  will  enable  us  to  note  the  order 
and  the  intensity  of  the  muscular  efforts  exerted,  their  rapidity, 
and  their  degree  of  regularity  or  uniformity,  all  these  details 
being  recorded  with  admirable  fidelity  and  clearness.  To 
these  we  may  add  the  record  of  the  respiratory  efforts  (Fig.  25). 
The  active  life  of  the  worker  has  placed,  so  to  speak,  on  the 
paper  of  the  graph  an  indelible  imprint,  its  personal  signature. 

XXXII. — ^B.  The  Expenditure  of  Energy. — To  the  work 
thus  performed  by  the  man,  and  graphically  measured,  corre- 
sponds an  expenditure  of  energy  levied  upon  the  reserves  of 
the  organism;  not  upon  the  nutriments  which  have  just  been 
absorbed,  but  upon  those  which  the  body-cells  have  had  the 
time  to  elaborate,  to  fix,  to  bring  to  that  particular  state  which 
enables  them  to  become  readily  oxidised,  and  to  produce  energy. 

The  expenditure  of  energy  is  in  proportion  to  the  activity  of 
the  muscles,  to  the  synergetic  sum  of  their  contractions; 
intensity,  rapidity,  and  duration  all  being  comprised  in  this 
activity,  which  extends  to  the  nervous  as  well  as  to  the  mus- 
cular element.  And  all  this  produces  fatigue,  and  regulates 
the  consumption  of  oxygen  respired,  adding  a further  quantity 
to  that  which  we  already  absorb  during  periods  of  repose. 
The  total  energy  of  the  active  man  is  thus  a sum,  in  which  one 
of  the  terms,  that  corresponding  with  periods  of  repose,  under- 
goes hardly  any  variation,  when  the  external  temperature  is 
constant,  while  the  other  term  increases  in  proportion  to  the 
muscular  activity. 

Without  entering  into  lengthy  details  concerning  the 
measurement  of  the  volume  of  oxygen  consumed,  we  will 
explain,  as  an  example,  the  principle  of  our  method.  The 
person  experimented  upon  breathes  through  the.  mouth, 
which  is  convenient  in  the  event  of  great  fatigue — the  nostrils 
being  compressed  by  a little  wooden  clip,  with  padded  jaws. 
A tube  fitted  with  a two-way  valve  is  held,  by  means  of  a 
rubber  mouthpiece,  between  the  lips  and  teeth  ; the  outer 


* See  i\\QRevue  de  Metallurgiej  p.  203,  April,  1915; — Revue  generale  des  Sciences, 
p.  173,  1916. 
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pulmonarij  vcnlilalion  elTccled  dining  the  experiment,  and  also 
tiie  com])osilion  of  the  air  expired. 

Xormallv  the  almosiihere  surrounding  us  contains  21  per 
cent,  of  oxygen,  reckoning  l)y  volume.  As  there  is  less  than 
this  in  the  air  expired,  the  dilTerence  represents  the  ([uantity 
consumed  by  the  organism. ^ 

Such,  briellv  desci'ihed,  is  the  resjiiration  gauge,  winch 
enal)les  us  to  estimate  the  exjiendilure  of  energy.  It  is 
mounted  on  a table  running  on  lubhei’-tired  wheels,  which 
rolls  to  and  fro  without  jarring  the  instrument,  following  the 
subject  as  he  moves  to  and  fro,  enabling  us  to  investigate 
normal  or  ])alhological  locomotion,  or  physical  exerci.ses,  or 
mechanical  labour. 

The  moullniiece  is  easily  kept  in  the  mouth,  without  any 
inconvenience  to  the  subject,  Avhatever  the  length  of  the 
e.xperiment. 

Knowing  the  total  volume  of  oxygen  utilised  by  the  organ- 
ism, we  estimate,  it  in  tei’ins  of  calories,  as  has  already  been 
explained,  at  the  rate  of  T9  calories  j)er  litre.  e thus  obtain 
the  expression  of  the  energy  deveto[)ed  by  vital  combustion. 

The  distribulion  of  this  energy  is  of  a multiple  character. 
It  maintains  the  deep-seated  physiological  activities  : the 

movements  and  the  nutrition  of  the  cii’culatory,  respiratory, 
and  digestive  systems.  It  maintains  the  temperature  of  the 
body  at  a constant  level,  making  up  for  the  losses  which  it 
sulTers  l)v  contact  with  the  air  and  1)V  radiation.  Lastly, 

4.  ^ 

it  provides  for  the  intense  activity  of  the  muscles  and  the 
less  onerous  task  of  the  nervous  tissues.  Idle  in  the  case  of 
an  adult  the  expenditure  of  energy  during  repose  amounts 
on  an  average  to  2,100  calories  during  the  twenty-four  hours, 
cold  increa.ses  it  ; in  the  winter,  with  the  thermometer  only 
a few  degrees  above  fi’eezing-point,  it  amounts  to  3,500  calories, 
while  in  summer,  with  a temperature  of  77°  to  80°  hahr.,  it  falls 
to  about  1,800  calories. 

'Thus,  we  may  hud,  in  tlie  eudimonieter,  17  ]>er  cent,  of  oxygen  instead  of 
21  per  cent.,  or  a difference  of  4 per  cent.,  when,  if  the  total  volume  respired  is 

1.7U  litres,  the  product  "7-7—  gives  the  total  consumption  of  oxygen,  or  6 


atmosphere  is  breathed  in  through  one  \alve  ; it  is  expired 
through  the  other  valve  into  a rubber  tube,  passing  Ihroug’.i 
a bell-shaj)ed  container  C and  a gasmeter  G (Fig.  20).  The 
container  is  connected,  bv  means  of  a line  luliber  lube,  with 


Respiration  (Jauge 


a system  of  reservoirs  containing  mercurv.  It  and  11.^  Accord- 
ingly  as  H empties  itself  into  or  the  reverse,  some  of  the 
air  expired  is  shunted,  or  the  sample  conlainedin  R is  pa.ssed 
into  a eiidionieler  for  analysis. 

We  thus  obtain  the  total  volume  of  the  air  respired,  or  the 


■ 

k 1 

vd 

Till-;  iMivsioi.odV  oi'  iNDrsriuAi.  oi'.c.amsatiox 


alm()s|)lu>rc  is  hivatiu'd  in  lhmui>Ii  oiu'  \'alw  : il  is  expired 
through  lire  oilier  valve  inlo  a riihher  lube,  passino  lliroui>‘i 
a hell-shaped  coiilaiiiei’  (’.  and  a oasineler  (1  ( I'io. ‘ih).  The 
eonlainer  is  conneeled,  hv  means  oF  a line  luhhe.r  lube,  willi 


xn<n 


a svslein  of  reservoii's  eonlainino  inerenrv,  I!  and  1!.^  Aeeord- 
ingly  as  I!  einplies  itself  inlo  IT  or  the  revi-i'se,  some  of  the 
air  expired  is  slumled,  or  the  sanijile  conlained  in  II  is  passed 
info  a eiulwmclev  for  analysis. 

We  Lhus  oblain  the  lolal  volume  of  I he  air  respired,  or  the 
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pulinonan/  vcnlilalion  elTecled  during  Ihe  ex])erinienl,  and  also 
the  eomposilion  of  Ihe  air  ex])ired. 

Xormallv  Ihe  almosphere  surrounding  us  conlains  21  ])er 
eenl.  of  oxvgen,  reekoning  by  volume.  As  there  is  less  than 
this  in  the  air  expired,  the  dilTerenee  represents  the  (pumlity 
eoiisimied  by  the  organism.’ 

Sueh,  bi’ietlv  deseribed,  is  the  respiration  gauge,  Avlueh 
c*nnl)Ics  us  lo  osliiiuili'  I In*  c‘xj)un(liluiv  ol  vuvv^y.  11  is 
juoiniled  on  a lal)l(‘  ninnini^  on  rubhur-lirod  wheels,  which 
rolls  lo  and  IVo  wilhonl  jaiTin^'  llie  inslrumenl,  followinj^  Ihe 
subjecl  as  he  moves  lo  and  IVo,  enahlini^  us  lo  invesli^ale 
normal  oi*  ])alholo^ical  locomoliom  or  physit’al  exercises,  or 
mechanical  lahoui*. 

The  moul hpie(*e  is  easily  k(‘pl  iii  the  moulh.  wilhonl  any 
inconvenience  lo  Ihe  subjecl,  whatever  llu'  length  of  the 
experiment. 

Knowing  the  total  volume  of  oxygen  utilised  by  the  organ- 
ism, we  estimate  il  in  terms  ol  calories,  as  has  ab*eady  l)t‘(*n 
explained,  at  the  rate  of  !d)  calories  per  litre.  W e thus  oblain 
the  expression  of  the  energy  develo|)ed  by  \ ilal  coml>uslion. 

d'he  disli-ibution  of  this  energy  is  of  a multiple  character. 
Il  maintains  the  dee|)-sealed  physiological  activities;  the 
moMMuenls  and  the  nulrilion  ol  Ihe  circulatory,  respii'alory, 
and  digestive  svstems.  Il  maintains  the  lemperalurc  of  the 
bodv  at  a constant  level,  making  up  for  the  losses  which  il 
sulTers  bv  contact  with  the  air  and  by  radiation.  Lastly, 
it  ])rovides  foi’  the  intense  acli\ity  ot  the  museks  and  the 
less  onerous  lask  of  Ihe  nervous  tissues.  While  in  the  case  of 
an  adult  Ihe  expenditure  of  energy  during  rei)ose  amounts 
on  an  average  lo  2,100  calories  during  the  Iwenly-lour  hoius, 
cold  increases  il  ; in  the  winter,  with  the  thermometer  only 
a few  degrees  abo\e  freezing-[)oinl,  il  amounts  lo  3,.)00  caloi'ies, 
while  in  summer,  with  a temperalure  ol  / / lo  80°  l*ahr.,  il  lulls 
lo  about  1,<S00  calories, 

^ I'hus,  we  may  liiuh  in  the  einlimometer.  17  pei-  eenl.  of  oxVLnn  instead  ct 

per  cent.,  or  a ililferenee  of  4 ]X‘r  eenl..  when,  if  the  total  volume  r<‘>|>ire(l  i> 

1.71I  litres,  the  ju'oduet  <j;ives  the  total  eonsumptioii  of  oxygen,  oi  (> 


76 


THE  rilYSIOI.OHY  OF  IXOFSTHIAE  OHOANTSATIOX 


If  we  reckon  that  the  heaviest  day’s  work  consumes  from 
2,000  to  2,500  calories,  and  add  this  to  the  foregoing  values, 
we  reach  a total  of  4,000  calories  in  summer — but  tlie  heat, 
which  diminishes  tiie  energy  of  the  muscles,  often  makes  it 
impossible  to  attain  this — and  5,000  to  6,000  calories  in  winter, 
as  the  daily  ration  of  labour. 

This  varying  expenditure  is  maintained  by  means  of  alimen- 
tation ; but  it  is  a notable  fact  that  whereas  anv  substance 
which  can  be  burned  can  be  employed  in  a heat  motor,  this 
is  not  the  case  with  the  living  organism,  for  the  latter  is  not 
indifferent  to  the  cjuality  of  combustible  supplied  to  it.  It 
can  utilise  as  aliment  any  substance  which  it  can  elaborate  in 
such  a way  that  it  may  be  stored  in  the  body  cells.  This  is  the 
only  store  which  it  can  exploit  immediately  and  without 
loss,  and  which  is  able  to  ensure  its  uninterrupted  upkeep. 
The  expenditure  of  energy  is  continuous,  for  any  interruption 
would  be  a sign  of  death.  Life,  therefore,  is  energy. 

XXXIII. — C.  Fatigue. — The  physiological  point  of  view 
offers  this  inestimable  advantage  over  any  other  point  of 
view,  that  it  reveals  the  effects  of  excessive  fatigue,  and 
furnishes  us  with  means  of  ensuring  that  it  shall  not  exceed 
the  limits  of  the  normal.  But  for  this  physical  training 
would  be  a fallacy  ; it  would  lead  to  overwork  ; it  would  not 
accomplish  its  aim.  It  must  be  added  that  organic  disorders 
and  affections  of  the  nervous  centres  have  become  more 
freqnent  than  humanity  has  ever  known  them  as  a result  of 
this  terrible  war.  Deficient  cardiac  activity  is  particnlarly  to 
be  looked  for  in  discharged  and  wounded  soldiers  and  war- 
cripples.  It  is  therefore  a most  important  matter  to  investi- 
gate the  indications  of  fatigue. 

Fatigue  is  the  result  of  muscular  and  nervous  phenomena 
which  give  rise  to  an  increasing  malaise  or  uneasiness,  and 
above  all  a feeling  of  impotence.  This  feeling  progresses 
through  eveiy  stage,  from  a mere  lassitude  to  the  acutest 
suffering,  and  it  persists  for  a varying  space  of  time.  It 
arises  from  various  sources  of  excitation  ; from  the  nervous 
fibres  which  terminate,  as  has  already  been  explained,  in  the 
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muscles  and  tendons,  and  on  the  articular  surfaces,  and 
from  the  coverings  of  the  viscera,  in  which  Lennander  has 
localised  the  origin  of  organic  pain  ; thence  it  assumes  a general 
character,  and  eventually  embraces  the  whole  extent  of  the 
body.  For  fatigue  is  fundamentally  an  intoxicalion  ; if  the 
brain  and  the  muscles  function  in  a disorderly  fashion,  as 
a result  of  excessive  efforts,  or  too  great  a rate  of  exertion, 
the  blood  is  no  longer  able  to  cope  with  its  task  of  purification. 
The  waste  products  of  this  intense  cellular  activity  accumu- 
late : the  blood,  loaded  with  toxic  jiroducts,  produces  fatigue 
in  any  animal  into  whose  veins  it  is  injected.  It  acts  to  begin 
with  upon  the  pciiphery,  the  seat  of  the  sensitive,  fibres,  so 
that  even  though  the  brain  alone  has  been  working,  fatigue 
alTects  the  muscular  organs.  It  is  a singular  paradox  to  pre- 
tend, as  certain  pedagogues  have  done,  that  the  mind  may  be 
refreshed  bv  the  fatigue  of  the  body  ! It  is  as  good  as  a con- 
fession that  they  have  never  fatigued  either. 

On  the  other  hand,  it  is  essential  to  distinguish  between 
fatigue  and  pain,  for  jiain  may  often  be  wholly  accidental, 
the  result  of  an  excessive  or  clumsy  efl'ort.  or  a faulty  attitude, 
or  a pathological  condition  ; in  these  various  instances  it  is, 
moreover,  confined  to  the  limb  or  the  organ  alTected,  and  does 
not  invade  the  whole  system.  Neither  in  the  organisation  of 
physical  education  nor  in  that  of  mechanical  labour  should  there 
be  any  room  for  this  sensation  ; for  it  signifies  a vicious  method. 

A look-out  for  the  signs  of  fatigue  should  be  kept  in  respect 
of  all  the  functions  of  life.  To-day  such  investigations  have 
hardlv  commenced.^  Let  us  consider  the  lacts. 


XXXIV.— (1.)  The  Circulation  of  the  Blood.-A\c  cannot 
in  this  place  give  a detailed  account  of  the  technical  methods 
emploved  in  such  observations.  We  will  only  remark  that 

‘ A.  .Mosso,  Ld  Fali(jiie  (French  translation  i»y  Langlois),  1894; — Jules  Amar, 
Oh/ifrrution.'i  aur  la  jatiqae  ]>rofct:.^>oneUe  (Journal  de  Physiolcgie,  \)]>.  178-202, 
1014); — Stanley  Kent,  Interim  Report  on  an  Investigation  of  Industrial  Fatigue 
by  physiological  methods.  White  Paper  published  by  H..M.  Stationery  Office, 
1915.  Second  Interim  Report  on  an  Investigation  of  Industrial  Fatigue  by 
physiological  methods.  Blue  Book  published  by  H.,M.  Stationery  Office,  1910. 
Health  of  Munition  Workers'  Committee.  Interim  Report.  Blue  Book 
published  by  H.M.  Stationery  Office,  1917. 
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the  person  to  be  experinienled  on  works  an  crgomdvic  cycle, 
of  whieli  we  shall  have  more  lo  say  presenlly.  He  actuates 
tlie  ])etlals  by  the  contractions  of  the  leg  muscles,  or  he  works 
a crank  by  contracting  the.  muscles  of  the  arms  (Fig.  27). 

Records  are  taken  of  his  licart-bcals  and  of  his  pulse,  and  the 
(uicrial  pressure  is  measured  ; the  first  two  operations  are 
elTected  bv  means  of  the  cardiograph  and  the  sphygmograph 


riG.  27. — lakins  a <Jraphu-  Record  the  l*ul.-'e  during  an  experimental 

liiee.stigation  of  Fatioue. 


{^^arey),  and  the  second  by  means  of  I'achon’s  oscillomeler, 
winch  gives  the  syshdie  and  diaslolir  jiressures  snccessivelv — 
that  is,  the  highest  and  the  lowest.  lliAvever,  I advise  the 
experimentei'  to  content  himself  with  the  record  given  liy  the 
cardiograph  ; this  instniment,  applied  as  in  Idg.  2(S,  remains 
in  place  while  the  subject  is  exerting  his  strength,  and  its 
indications  are  sulliciently  reliable. 

The  results  of  such  ex])erinients  are  interesting.  Gradually, 
as  the  muscles  continue  to  work  in  a normal  and  regular  fashion. 


W0I;K  and  lATlGlT 


PiQ,  2S. — (’ardiotira])h  and  ihummograph  in  Position 
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to  prolong  the  duration  of  the  effort  fatigues  tlie  circulatorv 
system.  This  fatigue  reveals  itself  by  a regular  decrease  of 
frequency,  the  latter  finally  falling  to  100,  or  sometimes  to  96. 
The  heart  is  no  longer  able  to  respond  to  I he  pace  of  the  effort, 
and  to  satisfy  the  needs  of  the  organism.  The  physiological 
synergy  is  deranged,  if  not  destroyed  (Fig.  29).  Directly 
the  observer  notes  this  discordance  between  the  muscular 
and  cardiac  functions  he  should  bring  the  experiment  to  a 
close,  or  at  all  events  greatly  moderate  ils  pace. 
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Fig.  21). — Rliythm  of  the  Heart  during  Work  (a  Case  t»f  Fatigue). 


The  cardiac  curves  give  us  quite  as  much  information 
concerning  the  cardiac  rhythm  as  do  the  graphs  of  the  pulse. 
We  further  learn  from  them  that  the  amplitude,  that  is, 
the  force  of  the  heart-beats,  increases,  and  that  the  heart  under- 
goes a slight  and  temporary  increase  in  volume.  This  latter 
fact  has  been  observed  by  fatiguing  the  subject  by  causing 
him  to  walk  upon  a rolling  track,  and  subjecting  the  thoracic 
cage  to  radioscopic  examination. ^ 

^ Zuntz  and  Nicolai,  BerL  Klin,  Worhensch.,  Xo.  18,  1914. 


Medium 


60  Movements  per  minute 
[Norma!  subject,  ^.G.) 


Great  Fatigue  360  movements  in  4 minutes  30  sec 


Time  in  fifths  of  a second. 
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The  ratio  about  2,  or  even  1-50;  the  contraction 

systole 

of  the  auricles  is  accentuated,  and  the  right-hand  undulation 
of  the  systolic  plateau  descends  toward  the  lower  third  of  the 
curve,  its  normal  position  being  in  the  upper  portion.  The 
aspect  of  the  tracing  taken  during  fatigue  is  characteristic 
(Fig.  30).  It  denotes  a sudden  expansion  of  the  ventricles, 
and  an  absence  of  sustained  cardiac  effort.  Careful  scrutinv 


Fig.  30. — Graphic  Record  of  the  Heart  of  a young  Gymnast  (at  Rest  and  during  Fatigue) 


of  the  curve  enables  us  to  detect  a kind  of  periodicity  in  the 
systoles,  jiroducing  a striking  type  of  record  (Fig.  31).  We 
need  not,  therefore,  linger  over  its  description,  still  less  over 
its  interpretation. 

As  for  arterial  pressure,  this  amounts  to  15  to  16  centi- 
metres (about  6-0  to  6-5  inches)  during  repose,  but  often 
attains  as  much  as  33  centimetres  (about  12-5  inches)  during 
exertion  ; this  too  diminishes  during  extreme  fatigue.  Under 
conditions  of  medium  activitv,  when  the  heart  is  still  per- 
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forming  its  fuiifUoiis  in  a regular  manner,  tlie  systolic  pressure 
varies  but  slightly,  oscillating  about  a value  of  25  centi- 
metres (10  inches). 

We  now  perceive  Ihe  naliire  of  the  indiealions  of  normal 
labour,  which  does  not  expose  the  subfecl  to  the  danger  of  over- 
exertion;  the  freqaencg  of  the  heart-beats  should  be  from  115  to  120, 
and  the  cardiograms  should  shon>  signs  of  a systolic  plateau,  the 
undutation  forming  it  being  rather  lower  than  during  repose  ; the 


Cardiograms 


Resting 


Working 


i , . U ■!  * ' ^ 


Pig.  31. — Cardiograms  during  Repose  and  extreme  Fatigue 

(normal  Subject). 


maximum  arterial  pressure  should  be  25  centimetres  (10  inches). 
Athletic  exercises,  which  often  overwork  the  cardiac  muscle, 
render  its  previous  examination  absolutely  necessary.  The 
high  pressure  and  abundant  How  of  the  blood-stream,  no  less 
than  its  adequate  renewal,  are  indispensable  in  the  intense 
physical  life  of  the  athlete,  as  in  all  heav\-  mechanical  labour. 

XXXV.— (2.)  7^csp/ra/fo/i.— Fatigue  alTects  the  respiratory 
function  perhaps  even  more  rapidly  than  the  cardiac  function. 
Not  only  does  respiration  become  extremely  Irequent:  it  also 
ceases  to  be  regular;  it  is  dyspnoeic,  and  of  a jeiky  chaiacter. 
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neumograms 


Before  Work 


Normkf  subject 
iA  G),8  minutes 
on  cyp/e  at  2W 
8' 8 lbs  \ 
on  Brake. 


Time  in  Fifths  of  a 


The  subject  continued 
the  experiment 

12  m\n tiles  arm  “rode! 
himsle/n  to  a stsndstiff(^‘ 


The  respirations  may  be  registered  by  means  of  the  double 
pneumograph,  applied  to  the  chest  by  means  of  a tape  surround- 
ing the  thorax,  or,  belter  still,  to  the  back,  where  it  is  less 
likely  to  inconvenience  the  worker  (see  Fig.  28). 

The  tracings  of  the  jmeumograph  exju'ess  the  variations  of 
amplitude  and  rhythm  occun'ing  in  the  thorax,  as  its  muscles 
nre  more  or  less  contracted  (Fig.  32).  But  we  may  connect  a 
j^pecial  attachment  with  the  mouthpiece  of  the  respiration 


Fig.  32. — Resjuratoiy  Tracings  taken  by  Means  of  the  Pneumograph 
(normal  Subject,  working  a Cycle). 


gauge  (as  shown  in  Fig.  33),  and  record  the  movements  of  the 
breath  in  the  lungs,  thus  obtaining  what  are  known  as  tono- 
^f/rams  (Fig.  34) ; records,  that  is,  of  the  variations  of  pressure 
(from  the  Greek  tovo;,  pressure).  For  this  purpose  the 
valve  is  fitted  with  a stopper  which  is  traversed  by  a small 
tube,  which  receives  a rubber  tube  connected  with  a Marey 
tambour  and  recording  cylinder.  Pneumograms  and  tono- 
■yrams  combine  to  provide  us  with  a complete  analysis  of  the 


t 
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tory  function  ; the  tonograms  being  more  accurate  and 
significant  of  the  actual  condition  of  the  pulmonary 
Both  torms  of  tracing  reveal  the  derangements- 
mav  occur  in  the  lungs  themselves,  or  in  the  muscular 


progressively  diminished  during  fatigue,  while  the  respirations 
become  deeper  and  deeper.  At  a certain  point  this  ratio  - 


riG.  33.— Showing  the  Valve  of  the  respiration  gauge 
making  tonographic  tracings,  also  the  eniploym 
(young  Atlilete,  18  years  of  age,  A.G.). 


system  which  causes  the  lungs  to  perform  their  function  (tigs.  33 
and  36). 

We  know  that  during  repose  the  duration  of  the  expiration, 

. c . 

e,  is  at  east  double  that  of  the  inspiration, ^ f.  dhe  ratio-,  is 

‘ The  difference  is  generally  taken  to  be  less  than  this.  (EcL) 
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lory  function  ; the  loiiogrnms  bein^  more  aecnrate  aiuf 
signilicant  of  the  actual  condition  of  the  pnlmonaiy 
Both  lorms  of  tracing  reveal  the  derangements 
in  Mil*  limns  themselves,  or  in  the  mnscular 


system  which  causes  the  lungs  to  perform  their  function  (b  igs. 
and  3G). 

We  know  that  during  repose  the  duration  of  the  expiration, 

. c . 

6,  is  at  east  doulile  that  of  the  inspiration,^  L Ihe  lalio— . is 

■The  (liiTcieme  i.s  >>ni(>rally  taken  to  lie  less  than  this.  — (£■</.) 


Fatigue  and  Respiration  ^ Pneumograms  and  Tonograms 
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a figure  of  20  litres  during  laljour — tends  to  diminish.  Thus, 
during  a case  of  normal  fatigue  the  following  readings  were 
obtained  on  the  respiration  g.uige  ; 

During  repose,  average  delivery  per  minute,  7 litres. 


•Tracings  of  deep  Respiration  during  rapid  Work  (Pneumograms  and 

Tonograms). 


Working  the  cycle,  192  revolutions  per  minute,  load  on  brake  2 kilogrammes: 
Li-20,  19-80,  20-75,  21-35,  20-70,  19-70,  22-50,  20-85,  22*  5,  20-0,  22-0,  20-40, 
20-60,  19-50,  20-90  litres.  Or  an  average  of  20-25  liti*es. 

The  curve  shown  in  Fig.  37  shows  a plateau  signifying 
a phase  of  constant  ventilation,  which  disa])pears  only  on  the 
threshold  of  the  dangerous  phase,  that  is,  the  phase  of  over- 
exertion. 

We  may  therefore  assert  that  while  normal  exertion  increases 
the  ventilation  of  the  lungs,  and  even  slightly  increases  the 
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diameter  of  the  bronchial  tubes, ^ great  fatigue  diminishes  the 
regularity  of  the  gaseous  exchanges  ; it  is  then  that  carbonic 
acid  gas,  a toxic  product  of  the  vital  combustion,  accumulates 


in  the  blood  and  causes  brcalhlessness,  while  the  resistance 
of  the  nervous  centres,  and  consequently  the  muscular  energy, 
rapidly  diminishes. 

‘ Haldane  and  Douglas,  of  Physiclcgy,  Vo!.  XLV.,  p.  235,  1912-1913 ; 

— Kiogh  and  Lindhard,  ibid,  Vol.  XLVII.,  p.  30, 1914 Krogh,  The  Respiratory 
Exchanges  of  Animals  and  Man,  London,  1916. 
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Norma!  Subject 
(G,  Mahey.  22yrs) 
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The  most  elementar>^  observation  shows  also  that  the 
respiratoiy  troubles  of  fatigue  are  due  far  less  to  exaggerated 
muscular  effort  than  to  the  excessive  rapidity  of  the  muscular 
contractions,  which  produces  a lack  of  harmony  between  the 
synergetic  rhythms  of  the  vital  functions. 

It  is  to  be  noted,  on  the  other  hand,  that  the  respiration 
becomes  ])rolonged  whenever  a great  effort  of  some  duration 
is  exerted  (Fig.  37) ; a nervous  ramus,  emanating  from  the 
bulb,  gives  rise,  in  particular,  to  a prolonged  expiration. 
But  a sustained  effort  tends  to  become,  impossible  in  the 
fatigued  state  of  the  organism,  because  the  bulbar  intoxica- 
tinn  nrppinitfltps  the  activitv  of  the  nerves  and  throw's  it  out 


to  w'aste  energy.  On  the  other  hand,  1 nave  onservea  a greater 
efficiencv,  an  economy,  when  the  effort  and  the  pace  w’ere 
moderated  so  that  the  work  was  accomplished  without  great 
fatigue.^ 

At  what  inferior  ratio  of  efficiency  are  w'e  to  regard  the 
continuation  of  work  as  dangerous  ? This  is  a very  complex 
problem,  for  the  yield  depends  upon  the  worker  himself  ; it 
is  a personal  coefllcient  ; it  has  reference  to  a plainly  specified 
sphere  of  activity,  and  cannot  be  applied  generally  to  all.  ^^e 


Resting 


forking 

Fig.  37. — Curve  of  Pulmonary  Ventilation 


of  gear  ; the  expirations  become  snort  and  jerKy,  a sign  oi 
breathlessness.  It  is  possible,  however,  to  store  up  oxygen 
by  means  of  a very  deep  inspiration,  and  to  prolong  the 
duration  of  the  expiration  ; but  this  cannot  be  done  often, 
nor  for  longer  than  two  minutes.  The  Arab  divers  of  Ceylon, 
whose  trade  is  sponge-fishing,  remain  under  w'ater  for  90 
seconds.^  Despite  this  effort,  w'hich  appears  to  immobilise 
the  thoracic  cage,  the  breath  oscillates  in  the  lungs,  as  is  shown 
bv  a tonogram.  The  lungs  retain  their  rhythm  and  their 
amplitude  (Fig.  39). 

Let  us  now  measure  the  consumption  of  oxygen  : we  shall 
find  that  it  increases,  under  the  same  conditions  of  labour, 
with  the  advance  of  fatigue.  The  muscular  engine  yields  a 
poorer  and  poorer  output ; it  becomes  less  efficient  ; it  begins 

^Vernon,  Amer.  Jonrn.  of  Physiol.,  Yol.  XXL,  p.  126. 


Fig.  38. — Pneumograms  showing  the  expiratory  Arrest  of  the  thoracic  Rhythm 

during  a Static  Effort. 


should  have  to  make  some  sort  of  experiments  in  order  to 
estimate  the  depreciation  suffered  by  fatigued  muscles. 
Moreover,  such  a thing  may  occur  as  static  fatigue,  produced 
not  by  movements,  whether  useful  or  useless,  but  by  the  meie 
fact  of  exerting  force  ; this  exhausts  the  peripheral  nerve- 
terminals  2,  and  complicates  the  interpretation  of  the  re- 
spiratoiy^  phenomena,  w'liich  are  consec[uently  no  longer 
exclusive  of  all  other  physiological  data. 


(,  255-256. 

Arch.  f.  Physiol,,  Vol.  XXX.,  p.  409,  1913 


» Le  Moteur  Humain,  p, 
* K.  Frumerie,  Skand.  ^ 
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XXXVI. — (3.)  Xciiro-nmsciilar  Encrgi). — It  will  be  under- 
stood that  the  feeling  of  impotence  which  is  the  sign  of  fatigue 
is  localised  in  the  neuro-muscular  system.  A man  who  sets  off 
running  at  a rapid  pace  is  inevitably,  sooner  or  later,  forced 
by  this  sensation  to  relax  his  effort  and  to  slacken  speed 
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Fig.  39. — Tonograms  taken  during  Static  Effort. 


There  are  various  means  of  verifying  this  fact.  To  begin 
with,  we  may  employ  the  ergometric  cycle,  actuated  by  the 
pedals  or  by  a crank.  We  may  employ  a braked  wheel,  the 
brake  being  loaded  with  a weight  of  6 kilogrammes,  turned 
at  a rate  of  200  revolutions  per  minute.  The  wheel  inscribes 
a record  of  its  own  revolutions,  by  means  of  an  electric  contact, 
and  we  presently  note  that  the  tracing  exhibits  longer  and 
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XXXVI. — (3.)  Xcurn-muscukir  Encn/ij. — It  will  be  under- 
stood that  tlie  fecliim  0/  impoicncc  which  is  the  sign  of  fatigue 
is  localised  in  the  neuro-niuscular  sysleiu.  A iiian  who  sets  oil 
running  at  a rapid  [lace  is  inevitably,  sooner  or  later,  forced 
by  this  sensation  to  relax  his  elTort  and  to  slacken  speed 


Fjo.  31K — Tonograins  taken  during  iStatic  Effort 


1 here  are  various  means  ol  verilying  ihis  lact.  lo  hegin 
with,  we  may  employ  the  ergometric  cycle,  actuated  by  the 
pedals  or  by  a crank.  We  may  employ  a braked  wheel,  the 
brake  being  loaded  with  a weight  of  b kilogrammes,  turned 
at  a rate  of  200  revolutions  per  minute.  'I'he  wheel  inscribes 
a record  of  its  own  revolutions,  by  means  of  an  electric  contact, 
and  we  presently  note  that  the  tracing  exhibits  longer  and 
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less  regular  intervals.  With  the  cheirograph,^  which  we  shall 
describe  later,  the  decrease  of  muscular  activity  may  be  fol- 
lowed,  either  in  the  fingers  separately,  or  in  the  whole  hand, 
or  in  the  wrist  (Fig.  40).  The  rhythm  is  measured  by  a 
metronome,  and  the  weight  to  be  moved  by  the  muscular  con- 
tractions does  not  vary  (Fig.  41). 

The  data  relating  to  the  form  and  frequency  of  the  mus- 
cular contractions  being  thus  determined,  it  is  obviously 
only  the  amplitude  of  the  contractions,  the  height  through 


which  the  weight  is  lifted,  which  is  diminished  by  fatigue. 
The  work  performed,  then,  is  less  and  less.  The  appearance 
of  a cheirogram  is  characteristic  ; the  crests  of  the  tracing  are 
lower  and  lower  as  fatigue  advances,  or  as  it  is  increasingly 
affected  by  circumstances  : by  bad  food,  lack  of  sleep,  moral 
depression,  high  temperature,  alcoholism,  or  some  unapparent 
condition  of  impotence. 

To  a practised  eye,  I might  remark,  the  comparison  of  the 
cheirograms  taken  before  and  after  an  experiment  should 

^ J.  Amar,  Le  Moteur  Hvtmiin,  j).  391 ; Journ.  de  PhysioL,  pr  849,  1915. 
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permit  of  an  estimation  of  the  degree  of  fatigue.  If  we  display 
such  a tracing  by  rapidly  rotating  the  recording  cylinder, 
we  shall  note  the  flagging  of  the  muscular  effort  in  all  the 
phases  of  the  curve.  The  will  does  not  act  upon  the  muscles 
by  a single  impulse  ; the  nervous  centres  have  to  multiply 
their  impulses,  and  then  the  weakness  of  the  contraction  betraj  s 
the  simultaneous  fatigue  of  the  nervous  system  ; simultaneous 
because  the  muscular  fibre  itself,  above  all,  becomes  fatigued, 
becomes  less  irritable  and  less  elastic  ; its  very  elementary 
structure  becomes  impaired.  After  very  violent  move- 
ments, after  very  great  efforts,  the  muscles  suffer  from  con- 
tracture ; they  become  rigid,  only  slowly  and  with  difficulty 
recovering  all  their  original  flexibility.  We  ha\e  instances 
of  such  contracture  in  the  rheumatic  stiff  neck,  which  affects 
the  sternocleidoniastoideus ; or  in  the  spasm  known  as 
writer's  cramp,  to  which  typists  and  seamsti  esses  aie 
subject  as  well  as  authors. 

The  fatigue  of  the  nervous  system  is  in  proportion  to  the 
number  of  motor  impulses  which  it  is  obliged  to  furnish  to  the 
muscular  system  in  order  to  cause  the  latter  to  function  ; this 
expenditure  is  heavy  in  work  which  demands  movements 
repeated  with  great  frequency.  Short  steps,  very  often 
repeated,  are  more  tiring  than  good  long  stiides  , and  heie 
we  see  whv  in  certain  kinds  of  work  which  do  not  requiie 
strength  there  is  considerable  nervous  exhaustion,  while  fatigue 
soon  makes  its  appearance. 

A further  consequence  of  this  phenomenon  is  that  disorders 
of  the  general  sensibility  are  produced  ; the  nerves  react  less 
s^\4ftly  ; the  personal  equation  increases  ; the  sight  becomes 
less  acute  ; this  is  the  ocular  asthenopia  of  compositors,  shoe- 
makers, etc.,  in  which  one  can  no  longer  distinguish  colours 
without  increasing  the  intensity  of  the  light ; at  the  same 
time  the  cerebral  activity  is  diminished,  ideas  or  images  being 
less  quickly  distinguished  by  the  mind. 

The  tactile  sensibility,  the  source  of  our  most  frequent  sensa- 
tions, and  our  principal  means  of  education,  is  also  in  tuin 
diminished.  It  may  be  measured  by  touching  the  surface  of 
the  skin  with  two  ivory  points  ; the  normal  separation  of  the 
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points  of  this  special  compasses  or  aesthesiometer  has  to  be 
increased,  so  as  to  include  a lartfer  sensitiYc  area.  These  various 
manifestations  of  nervous  fatii»ue  often  result  from  a deficit 
of  oxvoen  in  the  blood,  or  an  excess  of  carbonic  acid  eas  due 
to  working  too  rapidly.  Under  these  circumstances  the 
excilahililij  of  Ihe  nervom  centres  diminishes,  at  all  events  for  a 
certain  time,^  involving  a diminution  of  the.  peripheral  sensi- 
bility. Voluntary  actions  and  reilex  actions  also  arc  per- 
formed in  a hesitating  manner;  sometimes  they  become 
disordered.  For  example,  a young  girl  who  uses  a skipjiing- 
rope  too  long  at  a stretch  eventually  makes  mistakes,  and  her 
movements  become  confused. 

All  these  factors,  at  which  I can  gi^'e  only  a rapid  glance, 
are  measurable  values  ; and  we  may  draw  up  tables  of  figures 
representing  the  extent  of  these  reactions  before  and  after 
fatigue,  which  will  furnish  us  with  usi  ful  information. 

In  many  cases  1 have  been  able  to  replace  the  tracings  of 
the  cheirograph  by  a more  expeditious  method  of  determining 
the  greater  or  less  resistance  o[  the  nervous  centres  ; the  subject 
at  a given  moment  seizes  two  weights  of  5 kilogrammes  (about 
11  lbs.)  which  are  placed  within  his  reach,  one  on  either  hand, 
Ins  arms  being  outstretched  laterally  and  in  a horizontal  line. 
He  must  not  allow  his  arms  to  fall,  save  as  a result  of  fatigue  ; 
when  this  occurs  the  arms  begin  to  droop  and  to  tremble. 
We  note  the  duration  of  this  static  effort,  and  it  is  repeated  at 
intervals  of  a minute,  as  long  as  it  is  judged  necessary  to  con- 
tinue the  experiment. 

The  product  of  the  weight  and  the  time,  p x t,  in  kilogramme- 
seconds  or  pound-seconds,  varies  in  dilTerent  individuals  ; at 
the  beginning  of  the  experiment  the  time  value  may  vary  from 
18  to  20  seconds.  But  it  is  to  be  noted  that  in  an  hour’s  tests 
the  endurance,  expressed  by  the  total  of  the  products  p x t, 
is  found  to  be  characteristic  of  a man,  and  often  of  a group  of 
men  addicted  to  the  same  form  of  muscular  exertion.  In 
twenty  instances,  for  example,  it  had  an  almost  constant 

^ Altobelli,  Arch.  ital.  Biol.,  Yol.  XL.,  p.  99,  1903;  Piotrovsky,  Dtf  Bois- 
Reym.  Arch.  f.  Phys.,  p.  £05,  1893; — Baglioni,  Arc%.  ital,  Biol,,  VoL  XLIL, 
}).  83,  1904. 
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A'alue.  The  endurance  limit  reveals  itself  thus  : to  begin 
Avith  there  is  a determined  elTort,  then  a sudden  fall,  and  an 
absolute  refusal  of  the  muscles  to  bear  the  weight  any  longer. 
After  an  hour’s  rest,  the  curve  again  declines  very  rapidly,  and 
one  is  justified  in  saying  that  nervous  motor  excitation  tends 
to  become  exhausted,  just  as  does  the  muscular  energy,  'the 
shape  of  the  curves  of  endurance  is  that  of  a hyperbola  (Fig.  42). 
For  examjile,  we  may  obtain  such  results  as  these  : 14",  30", 
29",  19",  Ki",  1;5",  14",  13",  13",  11",  10",  11",  10",  11",  11",  11", 
8",  10",  11",  1 1",  - 308",  or  a total  of  308  x 10kg..  or,  3,080  kilo- 


General  Form  oF  Curves  oF  Endurance. 


Time 


Fig.  42. 


gramme-seconds.  On  an  average  a healthy  adult,  not  sulTering 
from  fatigue,  attains  a total  of  3,000  kilogramme-.seconds. 
All  striking  irregularities,  and  all  values  lower  than  2,000 
kilogramme-seconds,  betray  great  fatigue  of  the  nerve-centres. 

XXXVII.— (4.)  Biochemical  Indications  of  Fatigue. — The 
nature  of  fatigue,  as  we  have  already  seen,  is  an  intoxication, 
which,  occurring  at  the  points  where  activity  is  at  its  maxi- 
mum intensity,  gradually  extends  to  the  entire  organism. 

The  poisons  of  fatigue  result  from  the  transformation  of  the 
■cellular  albuminoids,  which  is  always  extremely  bad  for  the 
health,  for  not  only  is  it  extravagant,  necessitating  far  more 
oxygen  than  if  fats  or  sugars  were  concerned,  but  it  liberates 
toxic  bodies  or  ponogenes.  These  are  formed  more  jiarticularly 
when  the  muscles  are  putting  forth  excessive  efforts.  These 
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products  are  based  upon  nuclein,  whose  origin  is  the  nucleus 
of  the  cell ; they  are  acid,  and  phosphorised  or  nitrogenous. 
These  nuclein  bases  are  also  found  in  the  urine,  together 
with  phosphates  and  uric  acid.  This  last,  eliminated  by  the 
organism  at  the  rate  of  8 milligrammes  per  kilogramme  during 
the  24  hours,  this  rate  being  constant, ^ is  more  abundant 
after  fatigue.-  And  all  these  products,  conveyed  by  the 
blood,  poison  the  organism.  We  have  seen  that  their  injection 
into  the  veins  of  an  animal  causes  a depression  of  the  vital 
forces,  and  the  disorders  peculiar  to  faligue;  they  diminish  the 
muscular  excitability,  involving  an  increasing  expenditure  of 
nervous  energy,  and  an  actual  wasting  of  the  vital  resources  ; 
they  impair  even  the  living  tissues,  those  of  the  muscles  and 
the  nerves  ; they  impede  the  regularity  of  the  phenomena  of 
respiration  and  circulation. 

While  normal  activity  reduces  the  proportion  of  the  urinary 
toxins,^  intense  labour  and  extreme  fatigue  visibly  increase 
it;  and  Bouchard  has  noted  that  they  produce  a certain 
narcotic  effect,  which  mav  varv  from  mere  somnolence  to  death. 

Unfortunately  the  measures  taken,  when  examining  urine, 
to  detect  the  extreme  limit  of  physiological  faligue,  are  still 
deficient.  Neither  from  the  analysis  of  the  blood  nor  from  the 
toxicity  of  the  perspiration  can  we  obtain  more  reliable  infor- 
mation. We  must  combine  a large  number  of  data- — briefly 
indicated  here — in  order  to  appreciate  the  intensity  of  fatigue. 

The  truly  physiological  characteristic  of  the  latter  is  proved 
by  the  disappearance  of  all  its  effects  after  rest  and  sleep,  both 
necessary  things,  and  both  demanded  by  the  auto-intoxication 
itself.  The  toxin  which  causes  sleep,  the  hypnotoxin,  is  formed 
during  the  waking  state  ; it  is  found  in  the  blood,  and  more 
particularly  in  the  cerebro-spinal  fluid  ; it  is  said  to  produce 
temporary  degenerative  changes  in  the  frontal  lobe  of  the 
brain.^  Fatigue  and  lack  of  sleep  give  rise  to  a torpid  con- 

^ Faustka,  Pfl.  Arch.,  Vol.  CLV.,  p.  523,  1914. 

* Herther  and  Smith,  Alaly  s Jahrb.,  Vol.  XXJL,  p.  200,  1892  ; — Dunlop,  etc,,. 
Jouryi.  of  PlujsioL,  Vol.  XXII.,  p.  (18,  1898. 

® Ch.  Bouchard,  L <^ons  sur  les  anto-intox.  dans  les  mahtdies,  Paris,  1887; — 
Colasanti,  Ricerche  Istit.  Farmacol.  Sper.,  Vol.  II.-IV.,  1895-1899. 

*H.  Pieron,  Le  Probleme  physiologique  du  svmmeil,  Masson,  1913. 
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dition  of  the  organs  of  movement,  and  relax  the  tonicity  of 
the  muscular  system,  exerting  a depressing  effect  on  the 
innervation  ; they  render  rest  and  sleep  inevitable,  for  at  a 
certain  moment  they  become  inhibitory,  constituting  a 
mechanism  of  defence  against  exaggerated  activity.  The 
oxygen  of  the  blood  will  restore  the  vitality  of  the  organism. 

If,  through  a false  conception  of  the  laws  of  work,  one 
disregards  these  warnings  of  fatigue,  the  normal  limits  aie 
quickly  passed  ; the  intoxication  becomes  aggravated,  giving 
rise  to  a febrile  stiffness,  headache,  and  other  painful  symp- 
toms. The  resistance  of  the  nerve-centres  becomes  greatly 
diminished,  and,  in  short,  the  resistance  of  the  organism 
collapses  ; and  it  is  this  lessening  of  resistance  which  awakens 
latent  imperfections  and  maladies,  which  have  very  often 
been  unsuspected  ; it  is  this  which  breaks  down  the  reaction 
that  infectious  germs  find  it  so  difficult  to  contend  against. 
Typhoid  fever  or  tuberculosis  declares  itself.  We  know  what 
is  the  dismal  fate  of  armies  exhausted  by  warfare. 

The  object  of  the  physiological  organisation  of  human 
activity  is  to  render  impossible  the  circumstances  which  give 
rise  to  overwork,  and  end  by  ruining  the  health.  Its  aim  is  the 
conservation  of  the  human  race  by  means  of  social  hygiene. 


1 
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CHAPTER  V 

THE  FACTORS  OF  LABOUR 

XXXVIII.^ — In  order  to  organise  human  labour,  we  must 
understand  the  laws  of  muscular  and  nervous  activity,  and 
the  numerous  factors  on  which  they  are  dependent. 

Even  among  the  ancients  precepts  were  current  to  tiie 
effect  that  one  should  exercise  the  body  before  and  not  after 
meals,  and  that  such  exercise  should  be  continued  “ until  a 
slight  lassitude  is  felt,  until  a little  perspiration  appears,  or 
at  least  until  a warm  vapour  is  exhaled  by  the  exertions  of  the 
body.”  1 These  rudimentary  ideas  of  physiology  and  hygiene 
were,  however,  entirely  disregarded  when  the  army  was  in 
question.  The  military  ideal,  especially  among  the  Romans, 
was  one  of  the  most  rigorous  training,  until  the  soldier  was 
able  to  cover  distances  of  twenty-five  miles  a day  with  a 
load  averaging  about  77  lbs.  It  must  be  admitted  that  such 
a life  as  this  gave  the  soldier  a tough  constitution,  and  that 
the  organism  became  accustomed  to  extreme  fatigue. 

The  principles  of  physical  training  were  in  the  course  of 
time  forgotten,  and  under  Louis  XIV.  victories  were  dearly 
bought.  In  1734  Montesquieu  remarked  with  justice  : “ We 
note  to-day  that  our  armies  are  largely  perishing  owing  to  the 
immoderate  exertions  of  the  soldiers  ; yet  it  was  by  means 
of  immense  exertions  that  the  Romans  saved  themselves. 
The  reason  of  this  is,  I believe,  that  their  hardshi])s  were 
continuous,  whereas  our  soldiers,  on  the  other  hand,  pass 
incessantly  from  extreme  exertion  to  e.xtreme  idleness,  which 

'Galen,  De  Sanitate  tnenila,  Vol.  II. 
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of  all  things  in  the  world  is  most  likely  to  kill  them.  We  no 
longer  have  a just  idea  of  bodilg  exercises.”  ^ 

This  just  idea  could  have  been  obtained  only  by  consulting 
Nature,  and  Nature,  according  to  Newton,  creates  nothing  but 
geometry,  and  derives  her  inspiration  from  the  princij)les 
of  this  geometry. 

Galileo  ^ demonstrated  the  fact  that  of  all  our  muscles  that 
which  works  without  resting,  without  irregularity,  and 
which  reveals  itself  as  truly  indefatigable,  is  assuredly  the 
heart.  It  possesses  a given  mass,  and  it  contracts  at  the 
rate  of  about  seventy-two  times  per  minute  ; and  as  ” it 
moves  only  its  own  mass,”  this  may  be  the  explanation  of  its 
indefatigability.^  The  other  muscles,  on  the  other  hand, 
have  to  move  the  skeleton,  and  sometimes  the  entire  weight 
of  the  bodv,  as  in  the  case  of  the  leg  muscles. 

These  speculative  views  of  the  great  Italian  scientist  are 
in  agreement  with  our  modern  ideas  as  to  muscular  effort. 
There  is,  in  truth,  for  every  locomotive  apparatus,  a rhijilim 
of  contraction  and  a resistance  to  be  overcome  which  is  per- 
fectly adapted  to  its  normal  action,  although  this  has  the 
appearance  of  being  undefined.  Further,  there  are  certain 
values  which  correspond  to  the  most  economical  rhythm  and 
effort,'  those  which  entail  the  least  expenditure  of  energy. 

In  this  connection  we  can  do  no  more  than  brieflv  formulate 
the  laws  determined  by  the  phy.siologists,  and  in  particular  by 
Chaveau. 


XXXIX.  The  Laws  of  Chaveau. — 1.  The  expenditure  of 
energy  is  in  proportion  to  the  muscular  effort  of  contraction, 
to  its  duration,  and  to  the  degree  of  contraction. — The  meaning 
of  this  first  law  is  obvious  : the  energy  expended,  or  the 

^ Montesquieu,  Con-siderations  sttr  les  causes  de  la  graiideur  des  Eomains  et 
de  leur  diradence,  p.  10  (eel.  Barckhausen,  PariB,  1900). 

- (Jalileo  (1564-1042),  Opere,  Vol.  XL,  p.  558  (Milan  ed.,  1811). 

^ But  see  note  on  p.  28.  The  absence  of  rest  in  the  case  of  the  heart  is  ajfpareiit 
only,  since  a ]>art  of  every  second  is  devoted  to  repose.  ^Moreover,  besides 
its  own  mass  ” the  heart  moves  the  mass  of  the  blood.- — En. 

^ If  all  our  muscles  could  operate  under  the  same  conditions  as  the  heart  they 
Mould  ])roduce  in  24  hours  nearly  3 million  kilogram-metres  of  work,  or 
enough  to  enable  one  to  make  the  ascent  of  Mont  Blanc  four  times  oA'er. 
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fatigue  produced,  increases  if  the  efforts  are  more  intense  and 
more  })roLracted  ; but  it  must  be  added  that  tliis  fatigue,  all 
other  conditions  being  equal,  is  doubled  if  the  shortening  of 
the  muscles  is  twice  as  great.  The  observation  of  a good 
workman  will  confirm  this  portion  of  the  law  ; in  pushing  a 
wheelbarrow  he  will  allow  his  arms  to  hang  straight  in  place  of 


Fig.  4.‘1. — Position  of  Anns  on  lifting  \\'heell)iUTow 


llexiii!^  them,  thereby  exerting  the  s{iine  sustaining  effort 
with  the  minimum  of  fatigue  (Fig.  43). 

If  it  is  on  occasion  necessary  to  exert  great  muscular  force, 
it  must  be  remembered  that  ihe  latter  increases  less  amt  less 
rapidtn  as  the  muscle  approaches  the  limits  of  its  contraction. 
The  eiTort  of  contraction  should  not  be,  carried  to  its  limit, 
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or  there  will  be  waste  of  energy.  Violent  exertions  constitute 
abnormal  conditions  of  muscular  activity,  whose  consequences 
are  irreparable. 

2.  The  expenditure  of  energi}  reejuired  to  perform  a given 
amount  of  work  diminishes  in  proportion  as  the  rapiditij  of  the 
muscular  contractions  increases. — But  this  is  true  only  within 
certain  limits  of  speed,  beyond  which  nervous  e.i'haustion  will 
ensue,  together  with  profound  physiological  disturbances. 
As  I have  already  remarked,  a rapid  gait,  or  a rapid  rate  of 
work,  is  permissible  only  when  it  does  not  overload  the 
organs  of  circulation  and  respiration.  Under  such  conditions 
speed  is  really  economical.  Modern  industry,  which  demands 
the  qualities  of  skill  and  speed  far  more  than  strength,  should 
confine  itself  to  these  economical  speeds,  of  which  the  Taylor 
system  suspected  the  existence,  although  it  could  not  state 
Avhat  they  were. 

3.  There  is  a most  favourable  effort  and  a most  favourable 
speed  for  the  performance  of  the  maximum  of  work  with  the  mini- 
mum of  fatigue.  This  is  a consequence  of  the  preceding  law, 
and  the  determination  of  this  elTort  and  this  speed  constitutes 
the  real  object  of  the  scientific  organisation  of  human  energy. 
Whether  the  most  delicate  kind  of  work  or  the  heaviest  labour 
is  in  question,  the  force  exerted,  and  the  pace  of  the  work, 
should  always  be  duly  proportioned,  the  sole  guide  being  the 


<lata  obtained  by  experiment. 

4.  Tauv  of  Rest  (.Jules  Amar).— A muscle  returns  more 
specdilg  to  its  condition  of  repose  in  proportion  as  its  work  has 
been  more  rapidlg  performed. — This  law,  formulated  in  1910, 
is  entirely  conqiarable  to  the  law  of  the  cooling  of  heated 
bodies,  fhe  temperature  of  a body  which  has  been  heated 
falls  at  a rate  jiroportional  to  the  temperature  to  whicli  it  has 
been  raised  (Xewlon).  Similarly,  the  consumption  of  oxygen, 
which  expresses  the  expenditure  of  energy,  decreases  pro- 
cressivelv  from  the  termination  of  work  until  the  condition 

O V 

of  repose  is  regained,  and  this  decrease  proceeds  rapidly,  the 
return  to  the  initial  condition  occurring  quickly  when  the  work 
has  been  sti  enuous — of  course  within  certain  limits.  The  law  of 
this  decrease  enables  us  to  determine  the  interval  of  rest  which 
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laligiie  produced,  inci'eases  if  llie  efloi’ls  ai’c  more  iniciise  and 
niore  |)rolracled  ; l)ul  it  iiuisl  he  added  that  this  lalil^iie,  all 
otlu'i'  condilioiis  boing  o([unl,  is  (loul)k'(l  if  Iho  shorlening  of 
the  imisdos  is  hvioc  as  great.  The  ol)servalioii  of  a good 
woikiuaii  will  conlirni  Ihis  portion  ol  Ihe  law  ; in  pushing  a 
wheelbarrow  he  will  allow  his  arms  to  hang  slraighl  in  place  of 


Fio.  43. — Position  of  Ai’ius  on  lifting  W'hoclbarrow 


Hexing  them,  thereby  exerting  the  same  suslaining  efioil 
with  the  minimum  of  fatigue  (Fig.  1.3). 

If  it  is  on  occasion  necessary  to  exert  great  muscular  force, 
it  must  be  remembered  that  Ihe.  laller  inereases  less  and  less 
rapidhi  as  Ihe  rniisele  approaches  Ihe  liinils  of  ils  eonlraclion. 
The  elfort  of  contraction  should  not  be  carried  to  its  limit, 
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or  there  will  be  waste  of  energy.  Violent  exertions  constitute 
abnormal  conditions  of  muscular  activity,  whose  consecpieuces 
are  irrei)arable. 

‘2.  The  e.rpendiliire  of  enenpi  retpnved  to  perforin  a given 
arnonnl  of  u>ork  diminishes  in  jiroporUon  as  the  rapidilg  of  the 
muscular  eontraelions  increases.  Ifut  this  is  true  only  within 
certain  limits  of  speed,  beyond  which  nervous  e.vhauslion  will 
ensue,  togethei'  with  pi'ofouiid  ])hysiological  disturbances. 
As  I have  already  remarked,  a rapid  gait,  or  a rapid  rate  of 
work,  is  permissible  only  when  it  does  not  overload  the 
organs  of  circulation  and  respiration.  Under  such  conditions 
speed  is  reallv  economical.  Modern  industry,  which  demands 
the  (pialities  of  skill  and  speed  far  more  than  strength,  should 
coniine  itself  to  these  economicid  sjieeds,  of  which  the  Taylor 
system  suspected  the  existence,  although  it  could  not  state 
what  they  were. 

3.  There  is  a most  favourable  effort  and  a most  favouralde 
speed  for  Ihe  performance  of  the  maximum  of  work  with  Ihe  mini- 
mum of  fatigue.  This  is  a couse(juence  of  the  preceding  law, 
and  the  determination  of  this  elfort  and  this  si)eed  constitutes 
the  real  object  of  the  scieutihe  organisation  of  human  energy. 
Whether  the  most  delicate  kind  of  work  or  the  heaviest  labour 
is  in  ([uestion,  the  foi'ce  exerted,  and  the  pace  ol  the  work, 
should  always  be  duly  proportioned,  the  sole  guide  being  the 

data  obtained  by  exi)eriment. 

\.  Law  of  Rest  (.Jules  Amur).  A mu.scle  returns  more 
speedily  lo  ils  condition  of  repose  in  proportion  as  its  ivork  has 
been  more  rapidly  performed. — This  law,  formulated  in  1910, 
is  enlirelv  com])arable  to  the  law  of  the  cooling  ol  heated 
bodies.  'I'he  temi)erature  of  a body  which  has  been  heated 
falls  at  a rale  proportional  to  the  temperature  lo  which  it  has 
been  raised  (Xewton).  Similarly,  the  consumption  of  oxygen, 
which  expresses  the  ex])euditure  of  energy,  decreases  jiro- 
m’essivelv  from  the  termination  of  work  until  the  condition 
of  repose  is  regained,  and  this  deerease  proeeeds  rapidly,  the 
return  to  the  initial  eondition  oeeurring  cpiickly  when  the  work 
has  been  sli  enuoiis — ol  eourse  witliin  eerlain  limits,  the  lawot 
Ihis  de(*rease  enal)les  us  to  determine  the  interval  of  rest  which 
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is  necessary  on  eaeli  occasion  lo  restore  the  physiological 
coiulilions  which  obtained  at  the  outsit,  and  to  divide  the 
work  into  reasonal)Ie  sliills.  In  this  way  a large,  daily  output 
will  he.  obtained  without  impairing  the  resistance  of  the 
organism.  In  the  same,  way  the  degree  of  ventilation  pro- 
gressively decreases  ; it  should  resume  the  value  normal  to 
periods  of  repose  four  iniuutcf!  after  the  work,  whatever  it 
may  be,  is  ended.  The,  tonographic  cur\  es  also  return  to  their 
initial  amplitude  (Fig.  44). 


Fig.  44. 


The  whole  science  of  human  labour  is  condensed  in  these 
four  laws,  and  the  whole  art  of  working,  together  with  the  whole 
of  physical  education,  resides  in  their  application.  Duly  to 
proportion  effort  and  pace,  to  enforce  intervals  of  repose — 
this  is  the  secret  of  a normal  activity,  exempt  from  overwork, 
and,  what  is  even  better,  favourable  to  the  complete,  develop- 
ment of  the  functions  of  life.  Whether  in  physical  or  intel- 
lectual exertion,  everything  is  a question  of  measure,  of 
discipline  ; that  is  to  say,  of  order  and  harmony. 
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But  this  order  and  this  harmony  must  yield  both  an  outward 
and  an  inward  irradiation,  must  control  the  living  machine 
internally  as  well  as  in  its  relations  with  the  outer  world,  for 
life  is  subject  to  the  incessant  inlluence  of  numerous  physio- 
logical and  cosmical  agencies.  Human  activity  is  therefore 
dependent  upon  these,  and  we  shall  see  by  what  powerful  bonds 
they  hold  it  and  control  it. 

XL. — A.  Internal  Factors  of  Work  : Our  Food. — No 
motor  can  fulfil  its  function  and  perform  work  unless  it  is  suitably 
fed.  In  the  living  motor  the  fuel  is  known  as  food  or  aliment, 
and  the  phenomenon  of  combustion  bears  the  name  of  nutri- 
tion ; it  is,  as  we  have  seen,  an  oxidation  affecting  the  reserves 
of  the  body-cells.  “ It  is  not  the  food  eaten  at  the  time  that 
furnishes  the  energy  employed  in  the  physiological  tasks  of  the 
organism,”  says  Chaveau,  “ but  the  potential  created  with 
the  food  which  one  has  eaten  previously.”  ^ 

These  physiological  processes  require  the  presence  of  oxygen 
and  water  and  certain  saline  substances — salts  of  lime  (carbon- 
ates and  phosphates)  and  of  soda  (chloride  of  sodium),  which 
consolidate  the  bones  and  participate  in  the  processes  of 
digestion  or  humoral  equilibrium.  Our  alimentary  rations 
almost  always  contain  the  necessary  salts,  and  the  2 to  3 litres 
of  water  which  an  adult  requires.  And  all  our  foodstuffs 
contain,  in  varying  proportions,  three  kinds  of  alimentary 
material : fats  (bacon,  butter,  etc.),  albuminoids  (white  of  egg, 
lean  meat),  and  carbohydrates  (sugars  and  starches).  Expe- 
rience has  shown  that  alimentation  should  furnish  our  bodies 
with  one  gramme  of  albuminoids  per  kilogramme  of  body  weight 
in  order  to  make  up  for  organic  wear  and  tear.  Above  all, 
it  has  taught  us— and  the  theory  of  energetics  confirms 
tliis — that  the  work  of  the  muscles,  and  probably  that  of  the 
nervous  system,  consumes  carbohydrates  almost  exclusively. 
The  true  source  of  available  energy  resides  in  these  saccharine 
aliments,  which  are  derived  from  the  glycogen  accumulated 
in  the  liver.  Proceeding  from  the  liver  to  the  muscles,  they 

‘ It  is  impossible  to  enter  into  the  problem  of  alimentation  here.  I must 
refer  the  reader  to  Le  ^loteur  Humain,  pp.  176-217. 
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are  there  transformed  into  useful  or  mechanical  energy,  almost 
without  waste  ; 100  calories  of  the  said  aliments  really  yielding 
100  calories  of  available  work,  either  in  the  muscle-cells  or  the 
nerve-cells.  The  fats  and  albuminoids,  on  the  other  hand, 
are  a wasteful  fuel,  less  digestible  than  the  carbohydrates 
and  not  so  pure  ; this  is  especially  true  of  the  albuminoids, 
for  they  give  rise  to  the  toxic  products  which  hasten  the 
advent  of  fatigue.  In  the  process  of  transformation  they 
lose,  respectively,  15  per  cent,  and  45  per  cent,  of  their  avail- 
able energy,  a loss  wliich  takes  the  form  of  a mere  production 
of  heat,  which  is  a degraded  form  of  energy. 

Thus,  the  more  active  the  life  we  lead,  the  greater  use 
we  shall  make  of  the  foods  which  contain  carbohydrates  ; and 
there  is,  in  principle,  a minimum  of  albuminoids — a compara- 


tively small  minimum — which  should  be  absorbed  by  the 
body,  and  a larger  minimum  of  carbohydrates.  With  the  latter 
excess  is  an  advantage  ; with  the  former,  an  inconvenience, 
and  often  a danger. 

Let  us  add  that  food  best  stimulates  tlie  digestive  secretions 
when  it  is  slightly  seasoned;  that  it  is  more  digestible  in  some 
states  than  in  others  ; concerning  which  we  shall  give  a few 
hints  later  on.  The  manner  in  which  a dish  is  prepared, 
according  to  Pavlotf,  acts  in  a psychical  or  mental  fashion  on 
the  powers  of  digestion  (see  § 10) ; so  that  the  traditions  of 
the  culinary  art  are  deserving  of  respcict.  It  is  enough  to 
improve  the  quality  of  the  food  provided  and  to  provide  it 
in  sufficient  quantities. 

XLI.  Hunger,  Inanition. — Bad  or  insufficient  alimentation 
depresses  the  vital  forces  and  gives  rise  to  anaemia.  In 
inanition  nervous  disorders  may  make  their  appearance, 
although  the  brain  is  of  all  the  organs  that  which  offers  the 
greatest  resistance  to  material  exhaustion.  But  the  muscles 
suffer  great  losses  ; hence  it  is  the  labourer  who  suffers  most 
from  hunger.  It  is  the  same  with  the  child,  by  reason  of  the 
necessities  of  growth;  the  child  who  has  been  ill-nourished 
suffers  damage  which  fhe  best  of  diets  will  never  make  up  for. 
I have  found  that  it  is  of  advantage,  when  endeavouring  to 
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repair  such  damage,  not  to  exceed  a proportion  of  2 grammes 
of  albuminoids  to  the  kilogramme,  and  to  depend  upon  carbo- 
hydrates ; in  other  W'ords,  the  process  of  repair  must  be  pro- 
gressive and  gradual.  I would  say  as  much  to  those  young 
men  who  are  ardently  devoted  to  athletic  sports,  and  wdro 
undergo  exertions  wdiose  effects  can  be  repaired,  and  which 
can  be  rendered  useful,  only  by  a correct  alimentation. 

Hunger  is  a defensive  sensation,  which  begins  by  a dragging 
pain  in  the  stomach,  accompanied  by  pow^erful  contractions. 
By  means  of  thin  bladders  of  rubber  introduced  into  this 
organ  it  is  possible  to  register  these  contractions,  and  to 
measure  their  intensity,  their  rhythm,  and  their  synchronism 
with  those  of  the  lower  oesophagus.^  The  pangs  of  hunger 
are  next  reflected  by  the  pharynx  and  the  temples,  producing 
headaches.  They  are  keener  during  fatiguing  exertion,  espe- 
ciallv  in  wanter. 

Lastly,  we  know’  that  some  persons  suffer  from  bulimia, 
or  a morbidly  large  appetite,  and  are  obliged  to  eat  incessantly 
in  order  to  satisfy  their  devouring  hunger.  But,  apart  from 
this  abnormal  condition,  one  should  avoid  excessive  eating, 
and  beware  of  the  refinements  of  cookery.  Unfortunately  w’e 
eat  too  much,  and  w’e  vary  our  food  too  greatly.  The  result 
is  an  excess  of  digestive  labour,  w’hich  involves  a supple- 
mentary expenditure  of  energy ; ^ the  stomach  becomes 
dilated,  the  respiration  is  embarrassed,  w’hile  vertigo,  insomnia, 
and  cardiac  acceleration  often  make  their  appearance  ; one 
becomes  unfit  for  hard  physical  w’ork,  and  even  the  mind  is 
obscured.  The  toxic  effect  of  these  copious  repasts  is  abso- 
lutely incontestable. 

And,  on  the  other  hand,  an  excess  of  alimentary  excitation 
fatigues  the  nerves  of  the  digestive  system.  “ The  majority 
of  choice  dishes  . . . irritate  the  organs  of  digestion  and 
secretion  in  an  injurious  manner.”  ^ The  case  is  complicated 
by  the  appearance  of  more  serious  disorders,  such  as  rheu- 
matism, gout,  albuminuria,  or  obesity,  according  as  the  diet 

' Carlson  and  Lukhardt,  Amcr.  Joiirn.  of  Physiol,  Vol.  XXXIII.,  p.  120,  1914. 

Laulanie,  Coynyies  Kendus  Biologie,  p.  548,  UK)4, 

^ E.  Metschnikoff,  Etudes  sur  la  nature  humain€f  p.  379,  Paris,  1908. 
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is  chiefly  falty  or  albuminous.  An  abundant  diet  is  the  glaring 
defect  of  middle-class  society. 


XLII.  Alimentary  Rations. — It  must  always  be  remem- 
bered that  the  alimeiilarij  ration  which  will  suffice  to  make  up 
for  our  material  expenditure,  whether  resting  or  working, 
and  to  cover  the  expenses  of  bodily  maintenance,  must  be 
regulated  by  the  mass  of  the  body  and  the  amount  of  mus- 
cular work  performed.  In  order  that  it  may  be  a true  ration 
of  maintenance  it  must  suflice  to  make  u]>  for  the  wear  and  tear 
of  the  organism,  and  to  maintain  the  weight  of  the  subject.  A 
constant  weight  is,  in  the  adult,  evidence  of  the  integrity  of 
the  functions  and  the  suitable  nature  of  the  ration.  Abstin- 
ence from  albuminoid  foodstuffs  results  in  organic  wasting  ; 
the  weight  decreases  by  about  1 per  cent,  daily. ^ The  diet, 
therefore,  must  supply,  in  addition  to  the  necessary  calories 
of  heat,  an  alimentation  perfectly  adapted  to  the  most  definite 
physiological  needs.  It  should  contain  the  minimum  of  albu- 
minoids or  proteids,  which,  as  we  have  already  seen,  is  1 gramme 
per  kilogramme  of  body-weight,  and  a minimum  of  carbo- 
hydrates, the  proportion  of  which  will  increase  with  the  severity 
of  the  work  performed.  Fats,  which  will  not  be  largely 
represented  in  these  rations,  will,  however,  be  present  in  larger 
proportions  when  the  weather  is  cold. 

And  these  foodstuffs  should  always  be  prepared  in  such  a 
way  as  to  stimulate  the  appetite,  that  complicated  reflex 
by  which  the  body  and  the  mind  interpret  their  inner  life,  a 
reflex  which  it  is  profitable  to  consult.  Food  should  always 
be  well  masticated  and  slowly  ingested  into  the  alimentary 
canal.  It  would  seem  that  there  were  formerly,  in  Rome, 
persons  whose  duty  it  was  to  teach  the  art  of  mastication. 
And  more  recently  the  Fletcherites  have  made  an  important 
hygienic  duty  of  the  act  of  mastication.  Fletcherism  deserves 
more  than  a mere  mention.  In  1890  a wealthy  American, 
Horace  Fletcher,  hardly  forty  years  of  age,  resolved  to  cure 
himself  of  an  evil  from  which  he  suffered  greatly  : obesity. 


^ S.  Hatai’,  Amer,  Journ,  of  PhyHoL,  Vol.  XII.,  p IKi,  1904 
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“ He  had  become  incapable  of  conducting  his  business,  of 
frequenting  the  clubs,  of  fighting  the  battle  of  social  life 
. . . he  found  himself  so  physically  disordered  that  the 
insurance  companies  refused  to  accept  him.  . . . Then  he 
bethought  himself  that  the  derangement  of  his  mechanism 
was  due  especially  to  over-eating,  and  he  himself  sought  the 
method  of  treatment  : this  was  an  economical  alimentation." 
He  decided  upon  a diet  containing  a large  proportion  of  carbo- 
hydrates and  a quantity  of  proteids  corresponding  to  0-60 
grammes  per  kilogramme  of  body-w'eight.  This  diet  consisted 
only  of  vegetables,  cereals,  sugar,  and  milk,  and  represented 
1,6()0  to  1,610  calories  for  a man  of  72  kilogrammes  (about 
1 1 stone  5 lbs.) ; an  insufficient  figure,  but  the  diet  was  a 
suitable  one  for  a person  who  had  to  consume  the  fatty  surplus 
of  his  own  obesity.  We  may  remark  that  a fasting  man, 
during  complete  repose,  expends  a minimum  of  1 calorie  per 
kilogramme-hour,  according  to  a mass  of  concordant  observa- 
tions.i  In  Fletcher’s  case  this  would  give  a value  of 

Ic  X 72  X 24  = 1,734  calories. 

By  this  means  Fletcher  restored  himself  to  a remarkable 
state  of  physical  and  moral  health.  During  the  whole  of  the 
year  1903  he  consented  even  to  become  the  subject  of  experi- 
ments conducted  by  the  physiologist  Chittenden,  which  were 
the  basis  of  a very  valuable  survey  of  the  question  of  hygienic 
and  economical  alimentation,  and  the  origin  of  Fletcherism, 
for  This  singular  person  found  many  zealous  followers.  These 
latter  discipline  their  sense  of  taste,  gradually  triumphing 
over  the  tyranny  of  the  palate,  by  accustoming  themseRes 
to  relish  patiently  masticated  foodstuffs,  which,  turned  over 
and  over  upon  the  tongue,  stimulate  the  secretion  of  the 
digestive  juices,  and  eventually  become  agreeable.  Elaborate 
cookery  is,  justifiably,  rigorously  opposed.  Fletcherism 
is  merely  a matter  of  training.  Some  will  regard  a rhyth- 
mical, calculated,  regulated  gymnastic  of  this  kind  as  excessive 
in  connection  with  the  elementary  act  of  mastication.  There 
is  a certain  amount  of  tiuth  in  this,  but  I would  gladly  see  it 


^ K.  Tiegerstedt, 


Arch.  di.  fimd.,  Vol.  VIL,  p.  426,  1909. 
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cure  US  of  the  opposite  excess,  of  the  fachyphagia,  of  wiiich 
we  are,  at  table,  the  often  unconscious  victims. 

We  will  conclude  by  indicating  the  method  of  evaluating 
and  apportioning  our  aliments,  that  is,  of  determining  the 
rations  proper  to  each  according  to  his  age  and  the  nature  of 
Ids  work.  In  this  volume,  which  is  at  once  elementary  and 
practical,  I shall  always  be  careful  to  refrain  from  giving  advice 
impossible  to  follow.  The  best  advice  is  that  which  respects 
the  scientific  truth  and  wins  men  to  follow  it.  The  chains  of 
the  laboratory  must  not  too  closely  shackle  the  limbs  of  educa- 
tion, for  education  is  a thing  which  lives  and  moves, 

TABLE  OF  ALIMENTARY  RATIONS. 

(Number  of  calories  per  kilogramme  of  body  ^veight  per  24  hoursA) 

1 . Light  Occi^pations  and  Intellectual  Work  (authors,  scientists,  business 
men,  officials,  schoolmasters,  clergymen,  jewellers,  tailors,  dressmakers,  etc.): 

30  calories  (macaroni,  spaghetti,  vermicelli,  etc.,  fresh  vegetables,  milk,  llie 
more  delicate  kinds  of  tish,  pastry,  etc.,  to  be  given  preference),  of  which  proteid 
should  form  one-tenth. 

2.  Work  of  Medium  Heaviness  (skilled  craftsmen,  shopkee]>ers,  hairdressers, 
dyers,  chimney-sweeps,  shop-assistants,  domestic  servants,  etc.)  : 

36  calories  (same  remarks  as  above;  a moderate  consumption  of  bread,  and 
a very  moderate  consumption  of  meat — 75  grammes  [2-6  oz.] — daily;  dried 
vegetables). 

3.  Fatiguing  Work  (soldiers,  sailors,  navvies,  dock  labourers,  artisiins, 
mechanics,  labourers,  agricultural  and  other,  etc.) : 

50  to  70  calories^  according  to  the  amount  of  work  performed  (the  above 
remarks  apply;  while  bread,  potatoes,  and  fruits,  such  as  prunes,  chestnuls, 
tigs,  gra])es,  raisins,  etc.,  should  be  given,  and  not  more  than  200  gims.  [7  oz.] 
of  meat). 

^ In  winter  increase  all  these  rations  by  one-fourth.  Rations  should  be 
selected  and  apportioned  according  to  the  table  which  follows. 


Table  of  Foods  in  Ordinary  Use.^ 


Per  100  Grainmo^. 

Carbohydrates. 

Fats, 

Proteids, 

Calories. 

Almonds,  dried 

• • • 

18-00 

54-20 

18-10 

641-23 

Apples  

• • • 

14-41 

0-06 

1-44 

65-53 

Apricots,  fresh 

8-10 

0-12 

0-48 

36-06 

Artichokes,  Jerusalem 

• • # 

13-07 

0-21 

3-68 

70-00 

Asparagus  ... 

• • « 

4-72 

0-41 

3-38 

36-94 

Bananas 

• • • 

21-90 

0-09 

1-44 

96-51 

Beans,  dried 

• • • 

54-41 

1-32 

27-32 

347-38 

Beef,  sirloin 

2-54 

1-82 

16-30 

93-81 

„ heart 

... 

2-20 

4-84 

15-25 

155-59 

„ suet  

0-00 

90-94 

0-76 

830-67 

7 7 

Brains,  calves 

♦ • • 

0-12 

16-33 

13-26 

203-^6 

Bread,  home-inadc- 

58-04 

0-4(1 

7-25 

271-33 

,,  French  rol! 

61-59 

0-24 

5-99 

279-26 

,,  Viennese 

• • • 

57-29 

0-11 

7-03 

264-71 

„ Army^ 

• • « 

53-58 

0-10 

8-05 

254-14 

Brussels  sprouts 

9-62 

0-58 

3-80 

60*30 

Butter  

0-00 

83-58 

2-52 

770-91 

Carp  

0-52 

3-56 

15-34 

97-42 

Carrots  

... 

9-50 

0-19 

1-19 

45-56 

Cauliflower,  heart  ... 

... 

4-89 

0-38 

3-51 

37-90 

Cheese,  Brie 

• • • 

4-85 

22-45 

19-94 

305-93 

,,  Camcmliert 

... 

5-95 

21-65 

18-72 

298-16 

„ Gruvere  . . . 

1-79 

26-95 

36-06 

400-43 

„ Roquefort... 

300 

38-30 

25-16 

464-00 

Cherries,  sweet 

14-12 

0-09 

1-02 

62-89 

„ tart 

11-97 

0-40 

1-26 

57-88 

Chestnuts,  LimousiiA 

33-16 

0-89 

2-47 

154-18 

large  fmarrons) 

32-17 

1-08 

3-15 

154  64 

Chocolate,  ordinary 

62-65 

25-50 

8-35 

523-10 

,,  Menier® 

68-90 

21-00 

8-75 

514  83 

Cocoa  (Congo) 

30-25 

42-40 

11-35 

556*40 

,,  (New  York)®... 

« • • 

37-70 

28-90 

21-60 

506-12 

Couscous’  ... 

• • ♦ 

85-40 

2-07 

9-80 

409-16 

Dates  

« • • 

67-10 

0-06 

1-96 

283-69 

Doura 

« • « 

52-50 

0-44 

8-33 

253-40 

1 Lailess  otherwise  stated  these  values  are  for  fresh  foodstuff’s  bought  in  Paris. 

2 Five  days  old. 

3 A.  Balland,  Revue  de  V iniendance , p.  361,  1907. 

* Tliese  are  Limousin  chestnuts,  the  most  abundant  sjiecies ; chestnuts  form  an 
imiH)i-tant  article  of  diet  in  many  departments  of  France.  The  country  produces 
about  four  million  quintals  (hundredweight  approx.). 

^ Chocolate,  made  from  the  cocoa-bean,  contains  an  alkaloid  principle,  caffeine, 
which  is  a neuro-muscular  stimulant.  According  to  our  own  investigations  cocoa 
contains  0-16  per  cent,  of  caffeine,  wliile  100  grammes  of  Chocolai  Memer  contam 
1 gr.  ’40  iier  lOO  grammes.  American  chocolate  is  very  rich  in  fats,  containmg  26*80 
per  cent,  of  carbohydrates,  47-10  of  fats,  and  12-50  of  proteids.  Its  calorific  power  is 
5«i)-74  (Atwater  and  Woods,  ibid.).  But  the  calorific  power  is  no  criterion  of  the 
quality  of  a foodstuff. 

« According  to  Atwater  and  Woods,  Washington  Bulletin,  no.  28,  p.  41  ; 1896. 

’ Jules  Amar,  Le  Rendement  de  la  machine  humain,  pp.  50,  51,  Paris,  1900.  This 
value  refers  to  the  dried  material ; but  the  average  amount  of  water  contamed  in  the 
freshly  made  dish  is  58  per  cent.  It  contains  (in  the  dry  state)  -735  per  cent,  ol  normal 
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Per  100  Gramme'^. 

Eggs,  hens’  ... 

Endive  

Figs,  dried 

Fowl,  leg 

Goose 

Grapes 

Gurnard,  red  

Ham  (Potted)  

Hare  

Haricot  beans,  fresh 
,,  dried 

Heriings,  fresh  

„ kippered 
Hazelnuts  ... 

Horsetlesh  (steak)  ... 

Lentils,  dried 

Lettuce  (Cos)  

Liver  (calves’) 

Macaroni^  ... 

Mackerel 

Melon  (Canteloupe) 

Slilk  (cow’s) 

Mushrooms 

Mutton  (leg)  

Oysters 

Peaches 

Pears 

Peas,  green  ... 

„ dried 

Pork  (leg)  ... 

Potatoes 

Prunes  (pulp)  

Rabbits  (leg)  

5,  (loin)  

Raisins 
Rice,  white 
Salmon 

Sardines,  fresh  (pilchards). . . 

Sole  

S])inach 

Skate 

St  rawberries,  wild 
Tomatoes  ... 

Turnip  

Tripe 

Veal  (round)  

„ (tillet) 

Vermicelli  (ribbon) 

Walnuts  ...  

Whiting 


Carbohydrates. 

Fats. 

Protoids. 

Calories. 

1*43 

11-04 

11-59 

153-85 

4-02 

0-10 

1-04 

21-65 

53-67 

2-10 

2-26 

248-42 

M6 

10-95 

17-19 

174-58 

058 

18-85 

14-24 

232-30 

17-69 

0-38 

0 49 

78  00 

2-29 

0-98 

22-85 

112-00 

0-73 

33-83 

18-60 

387  10 

2*55 

3-34 

29-88 

163-36 

4-17 

0-28 

1-99 

27-86 

53-68 

1-44 

20-18 

315-93 

0-46 

4-80 

17-23 

116-21 

0-71 

14-97 

51-62 

350-74 

13-22 

61-16 

15-58 

674-64 

1-44 

2-95 

21-95 

122-74 

56-07 

1-45 

23  04 

337-55 

1-74 

0-15 

0-92 

12-27 

1-83 

7-13 

19-12 

150-78 

75-70 

0-65 

10-89 

361-02 

0-28 

15-04 

15-67 

202-26 

3-72 

0-11 

0-60 

18  71 

4-83 

4-12 

3-23 

70-54 

3-68 

0-32 

4-50 

36-45 

2-36 

6-53 

17-86 

142*32 

7-33 

1-43 

8-70 

78-84 

10-36 

0-48 

0-86 

50-37 

9-93 

0-04 

0-24 

42-06 

14-02 

0-24 

4-47 

78-00 

57-76 

1-40 

20-56 

335-85 

1-58 

3-10 

20-30 

117-92 

17-58 

0-04 

1-71 

79-45 

71-44 

0-40 

2-37 

306-26 

0-77 

3-14 

23-49 

126-81 

1-90 

1-97 

18-66 

102-22 

76-70 

0-56 

0-45 

313-41 

75-22 

0-30 

8-89 

347-58 

0-08 

20-00 

17-65 

254-69 

0-57 

2-33 

2212 

114-23 

Ml 

0-81 

17-26 

82-69 

5*58 

0*33 

4-06 

42*53 

0-17 

0-45 

22-08 

95-32 

8-85 

0-99 

1-36 

50*87 

2-92 

0-10 

0-89 

16-53 

5-57 

0-06 

0-47 

25-31 

4-73 

16-79 

19-06 

250-33 

0-92 

2-28 

20-40 

108-16 

1-22 

4-08 

00.*)7 

^ 1 

138-43 

75-21 

0-60 

11-58 

361-30 

17-57 

41-98 

11-05 

499-36 

1-25 

0-46 

16-15 

75*53 

1 The  various  farinaceous  pastes— macaroni,  spaghetti,  vermicelli,  semolina,  etc. — 
have  much  the  same  composition. 
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XLIII.  Observations,  and  Particular  Cases. — As  a general 
nile,  it  is  a good  thing  to  ensure  that  vegetable  foods  shall  pre- 
dominate in  our  diet,  without  employing  them  exclusively  ; 
for  instance,  we  should  not  exclude  eggs,  milk,  and  the  lighter 
fish  (sole,  whiting,  gurnard,  and  fresh-water  fish). 

Great  care  will  be  taken  that  the  aliments  are  of  good 

quality. 

Restaurants  and  eating-houses  should  be  subjected  to  a 
very  strict  inspection,  for  the  working-classes  are  particularly 
exposed  to  the  frequent  consumption  of  stale  or  spoiled  food- 
stuffs, to  the  detriment  of  Iheir  health.  Cheapness  should 
never  be  made  an  excuse  for  fraud,  and  here  least  of  all. 

The  child,  after  the  period  of  suckling,  must  eat  freely,  on 
account  of  his  growth.  He  will  always  thii\e  best  on  mother  s 
milk  ; otherwise  he  should  be  given  cow’s  milk,  boiled,  and 
slightly  diluted  with  a 10  per  cent,  solution  of  lactose.  Then  pap 
and  bread  and  milk  will  be  given,  and  at  the  age  of  18  months 
meat  broths,  finely  minced  chicken,  mashed  potatoes,  and 
sweets.  At  this  age,  as  later  in  the  case  of  the  adult,  the  bodily 
weight  should  be  kept  under  inspection  ; in  the  adult  it  should 
be  constant,  while  in  the  child  it  should  steadily  increase.  But 
the  treatment  of  the  nursling  requii’es  competent  supervision  , 
in  cases  of  anaemia,  dyspepsia,  or  intestinal  catarrh  a specialist 

should  be  consulted  without  delay. 

Between  the  ages  of  two  and  nine  to  ten  the  child  absorbs 
9U  to  70  calories  per  kilogramme,  or  two  to  three  times  as 
much  as  the  adult.  One  cannot  without  danger  reduce  the 
child’s  consumption  of  food,  nor  his  activity,  for  his  organs 
are  undergoing  formation,  and  are  learning  to  perform  their 
functions.  Limitation  is  not  education. 

On  the  further  slope  of  life,  in  the  aged,  the  digestive  function 
becomes  enfeebled,  and  the  expenditure  of  energy  gradually 
diminishes.  Care  must  be  taken  to  avoid  fatiguing  the 
gastro-inleslinal  organs,  and  to  provide  them  with  easily 
digested  foods ; farinaceous  foods,  such  as  macaroni  and 
vermicelli  ; very  lender  white  meats,  fresh  vegetables,  and 
slewed  fruits.  Sobriety  is  a necessity  in  old  age  ; a sobriety 
which  should  extend  to  all  causes  of  excitation,  in  older 
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that  the  cerebral  system  shall  not  he  unduly  tried.  The 
economical  use  of  food  and  stimulants  jirolongs  the  life. 
may  cite  the  well-known  example  of  the  Venetian  gentleman 
Luigi  Cornaio  (1464-1566),  who  carried  alimentary  economy 
to  the  verge  of  parsimonj",  and  at  the  age  of  94  preached  his 
doctrine  in  a volume  “ full  of  wit  and  common-sense  ” : ^ 
Melodo  di  vivere  a lungo,  with  the  sub-title  Discorsi  della  vita 
sobria  (Padua,  1558).  An  invalid  until  his  fortieth  year, 
having  abused  his  constitution,  he  succeeded  in  completely  re- 
establishing his  health,  and  in  dispensing  with  medicine  of 
any  kind,  thanks  to  the  regimen  which  he  imposed  upon 
himself.  When  almost  a centenarian  he  even  took  part  in  a 
lawsuit,  which  caused  him  great  annoyance,  without  affecting 
his  health  ; more,  he  fell  out  of  a caniage,  but  the  fall  left 
no  traces.  “ Which  plainly  shows,”  he  writes,  ” that  neither 
melancholy,  nor  the  passions  of  the  mind,  are  able  to  produce 
unpleasant  results  in  those  who  live  according  to  rule- — and 
that  the  majority  of  accidents  should  not  be  very  dangerous  ” 
(Loc.  cii;  pp.  49,  53). 

It  does  not  enter  into  our  scheme  to  deal,  even  in  passing, 
with  the  cpiestion  of  diet,  or  the  science  which  adapts  the 
diet  to  the  state  of  health.  The  science  of  dietetics  stands, 
as  it  were,  at  the  cross-roads  of  physiology,  pathology,  and 
therapeutics  ; it  must  not  be  degraded  to  form  one  of  the 
departments  of  the  culinary  art.  The  moment  a sick  man  has 
received  competent  advice  to  carry  out  a given  regimen,  he 
should  do  his  utmost  to  submit  to  the  latter.  Order  and 
proportion  govern  the  whole  universe.  It  would  be  a singular 
pretention  to  seek  to  liberate  our  vegetative  life  from  their 
empire  ! 

XLIV.  What  to  Drink. — Alimentation,  in  the  true  sense 
of  the  word,  comprises  the  liquid  part  of  our  diet,  a very  large 
portion  of  which  is  represented  by  the  fluids  which  enter  into 
our  foodstuffs. 

‘ From  an  appreciation  by  Joseph  Addison  in  the  Sperlator  for  13  October, 
1711  (see  the  Introduction  to  the  English  transhition  of  Cornaro’s  book.  The 
Art  of  Living  Long,  p.  21,  1903). 
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Water  is  incontestably  and  par  excellence  the  natural  hy- 
gienic beverage,  for  it  is  one  of  the  constituent  elements  of 
all  living  creatures.  We  too  often  forget  that  the  end  of 
drinking  is  a physiological  end,  which  no  liquid  other  than 
water  can  accomplish  ; the  organism  strives  to  maintain 
an  invariable  degree  of  hydration.^  Further,  the  water  drunk 
must  he  wholesome,  neither  containing  salts  nor  infected 
with  microbes.  It  is  always  best  to  boil  it  and  to  let  it  stand 
for  twenty-four  hours  in  the  cellar.  It  is  then  free  from  all 
contamination,  and  one  may  be  certain  of  having  a water 
agreeable  to  the  taste.  On  the  other  hand,  water  favours  the 
digestion,  and  in  particular  the  digestion  of  fats  and  carbo- 
hydrates.2  It  infallibly  quenches  the  thirst,  for  thirsth  sensation 
resulting  from  a deficiency  of  water,  just  as  the  appetite  is 
a sensation  announcing  hunger,  or  the  need  of  food.  Both 
sensations  originate  in  a derangement  of  the  dynamic  condition 
of  the  cells,  which  results  in  a disturbance  of  the  nervous  system. 

The  custom  has  unfortunately  prevailed  of  regarding 
alcoholic  liquors  as  the  equivalents  of  water ; and  almost 
evervbodv  makes  use  of  them.  This  is  an  absoluteK  mistaken 
attitude.  ^ Alcohol  is  above  all  a fuel  ; it  yields  more  than 
7 calories  per  gramme  ; if  taken  in  doses  of  50  to  60  grammes 
per  diem  it  will  supply  the  organism  with  heat,  and  will  in  part 
do  the  work  of  the  ordinary  foodstuffs  in  this  connection.  But 
it  should  never  be  regarded  as  an  immediate  source  of  increased 
energy,  whether  mechanical  or  intellectual. 

Above  all  we  must  not  lose  sight  of  the  toxic  effects  of  alcohol. 
The  nerve-cell  is  particularly  sensitive  to  these  effects.  Wines, 
beer,  and  cider  produce  such  effects  by  reason  of  the  alcohol 
which  they  contain  ; but  spirituous  liquids  add  to  these 
toxic  efiects  the  terrible  effects  of  the  stupefying  ethers  and 
essences  which  enter  into  their  composition  ; and  their  sale — 
like  that  of  absinthe,  now  absolutely  forbidden  in  France, 
thanks  to  the  enlightened  zeal  of  M.  Ribot — should  be  pro- 
hibited, or  at  least  restricted.  The  other  alcoholic  drinks 


^ Terroine,  Co7uptes  rendus  Biologie,  28  March,  1914. 

^Mattill  and  Hawk,  The  Jouni,  of  the  Amer.  Chern,  Soc.,\o\.  XXXllL, 
}).  1,978,  1912. 
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may  be  peniiilted  witliout  serious  danger,  provided  their  daily 
coiisumplioii  does  not  exceed,  say,  half  a litre  of  wine  (-88  of 
a pint,  or  about  \1\  oz.)  or  a litre  of  beer  or  cider  (1-76  pints,  or 
about  35  oz.).  A hygienic  doctrine  which  should  recommend 
such  principles  would  be  understood  by  all,  and  would  in  the 
long  run  triumph  over  the  hideous  evil  hnown  as  alcoholism.^ 

XLV.  The  Effects  of  Alcoholism. — It  may  be  as  well  to 
describe  the  ravages  of  this  disease.  “ The  best  means  of 
insuring  oneself  against  drunkenness,”  said  Anachar.sis  the 
Scythian,  a Greek  philosopher  of  the  sixth  century  b.c., 
“ is  to  represent  to  oneself  the  dcgradalion  of  drunken  persons.” 

I will  say  nothing  as  to  this  moral  deterioration  ; but 
what  of  the  physical  ! The  entire  digestive  system  is  irritated  ; 
its  secretions  accumulate  ; gradually  irritation  gives  way  to 
an  ulcer  which  perforates  the  stomach.  The  “ morning 
phlegm  ” is  the  first  symptom  of  this  degenerative  jirocess. 
Kyrie  and  Schopper  - have  stated  that  the  alcohol  of  wine, 
employed  in  doses  of  100  to  110  grammes  daily,  causes  gastric 
ulcerations,  with  congestion  and  degeneration  of  the  liver, 
finally  leading  to  hepatic  cirrhosis.  The  liver,  that  storehouse 
of  glycogen,  from  which  the  muscles  are  revictualled  by  means 
of  the  blood,  and  which  assists  in  the  production  of  the  heat 
of  the  organism,  is  profoundly  impaired  ; it  becomes  hard  and 
fibrous,  and  ceases  to  fulfil  its  manifold  functions. 

And  the  circulatory  system  ? Alcohol  has  a depressing 
action  on  the  heart ; the  contractile  power  of  this  organ 
rapidly  diminishes  ; it  can  no  longer  exert  its  normal  effort, 
nor  its  ordinary  capacity  for  work  ; the  nervous  mechanism 
regulating  its  action  is  paralysed  as  soon  as  the  dose  reaches 
2 grammes  per  kilogramme  of  body-weight  ^ ; the  frequency 
of  the  heart-beats  diminishes,  and  the  depressing  effect  is 
revealed  by  a prolonged  diastolic  pause.* 

^ I have  given  all  the  arguments,  whether  of  fact  or  of  doctrine,  on  which 
my  conclusions  are  based,  in  Le  Moteur  Htimain,  pp.  198,  283  and  599. 

* Pentimalli  and  Di  Christina,  Archiv.  di  FisioL,  Vol.  VIII.,  ]>.  131,  1910. 

^ Kyrie  and  Schopper,  Arch.  /.  Path.  Anat  u,  Phy.-^.,  Vol.  CCXV.,  p.  309, 1914. 

* Chistoni,  int.  de  Physiol,,  Vol.  X1V.,]>.  201,  1914; — Galleotti  and  Bi 
Jorio,  Arch.  di.  FisioL,  Vol.  XII.,  p.  401,  1914. 
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Degeneration  of  the  heart  may  result  in  death  ; the  blood- 
vessels, moreover,  become  less  elastic,  and  their  rupture  is  of 
frequent  occurrence  : hence  disastrous  haemorrhages.  In 

this  connection  we  observe,  as  on  the  confines  of  old  age,  a 
degeneration  of  the  tissues — a sclcrification,  giving  rise  to 
arterio-sclerosis.  The  observations  of  Lian  ^ have  estab- 
lished that  all  heavy  drinkers  suffer  from  arterial  hypertension. 

Lastly,  the  nervous  disorders.  Lussana,  who  experimented 
with  doses  averaging  2 grammes  per  kilogramme  of  body 
weight,  found  that  the  tonicity  of  the  muscles  and  the  reflexes 
was  enfeebled,  a result  due  to  nervous  depression.”  And  if 
the  presence  of  alcohol  in  the  organism  is  sought  for,  it  will 
be  found  that  it  localises  itself,  by  jireference,  in  the  brain 
and  the  medulla  oblongala,  finally  arresting  the  respiration 
and  producing  asphyxia.®  The  alcoholic  subject  frequently 
dies  suddenly,  and  from  asjihyxia. 

Other  manifestations  of  alcoholism  are  observed,  the 
most  familiar  of  which  are  : the  characteristic  tremblinq  of 
the  hands,  headaches,  vertigo,  cramps,  hallucinations  of  the 
senses,  nightmares,  and  above  all,  delirium  tremens,  a \dolent 
crisis  in  which  the  conscience  disappears,  rendering  the  man 
capable  of  any  crime.  Even  when  he  is  still  far  removed  from 
this  acute  stage,  the  control  of  his  sensations  and  the  associa- 
tion of  his  ideas  are  far  less  assured  than  usual  ; the  mind 
wavers  ; there  is  moral  and  physical  deterioration. 

The  alcoholic  offers  little  resistance  to  infectious  maladies  ; 
it  is  on  him  that  tuberculosis  takes  its  firmest  hold  ; and  in  him 
accumulate  all  the  morbid  taints  and  germs  which,  by  an 
inevitable  physiological  law,  he  will  transmit  to  his  descend- 
ants * ; his  children,  weakly,  atrophied,  or  insane,  die  at  an 
early  age.  Had  not  the  first  legislators  this  law  of  heredity 
in  mind  when  they  announced  that  God  would  punish  the 
transgressor  even  to  the  third  and  fourth  generation  ? 

^ C.  Lian,  Bidl.  Acad,  de  Medecine,  9 November,  1915. 

^ Lussana,  Arch,  di  FisioL,  Vol.  X.,  p.  269,  1913. 

^ Sabbatini,  ibid.,  Vol.  VII.,  pp.  49-80,  1909. 

*Stookard  and  Papanicolaou,  The  American  Naturalist,  Vol.  L.,  February 
and  March,  1916. 
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Tlie  alcoholic  is  incapable  of  work  which  demands  atten- 
tion, delicacy  of  touch,  and  precision  ol  moYement.  If  he  is 
wounded,  if  he  breaks  a bone,  his  recovery  is  slow  and  difficult. 
He  becomes  a charge  upon  society  much  more  readily  than  the 
sober  man.  How  should  society  not  treat  him  with  disdain  ? 

Concerning  the  organisation  of  the  struggle  against  alcohol- 
ism and  tuberculosis,  see  a capital  article  by  Albert  Robin, ^ 
and  a verv  interesting  discussion  between  Chauveau  and 
Landouzy.2 

XLVI.  Physiological  Conditions.— -The  organisation  of 
labour  is  founded  on  indwidual  aptitudes  and  the  general 
condition  of  the  organism  (see  Chapte,r  II).  An  attentive 
medical  examination  will  enable  one  to  discover  whether 
the  vocation  which  the  subject  intends  to  follow  is  in  accord- 
ance with  his  physiological  resources.  Intellectual  labours 
and  those  demanding  rapidity  of  movement  exhaust  the 
cerebral  energy,  especially  when  protracted.  Thinkers  whose 
health  is  poor,  whose  nervous  potential  is  low,  are  obliged  to 
interrupt  their  work  by  frequent  intervals  of  repose,  and  to 
avoid  lengthy  tasks;  the  connection  to  be  established  between 
their  ideas,  and  the  proportions  to  be  maintained  between  the 
parts  of  an  immense  and  complex  whole,  would  compel  them 
to  exert  an  effort  of  attention  of  which  they  are  not  capable. 
If  they  persist  in  such  an  effort,  disorders  of  the  sight  or 
hearing,  or  the  impatience  of  the  neurasthenic,  warn  them 
of  the  danger,  neurasthenia  being  merely  a form  of  nervous 
exhaustion.  In  manual  occupations  these  disorders  affect 
the  co-ordination  of  the  movements  : the  sportsman  and  the 
athlete  are  no  longer  sure  in  their  movements ; typists, 
shorthand-writers,  and  compositors  " drop  their  words  ” ; 
dressmakers  miss  their  stitches.  Their  sensitiveness,  generally 
exquisite,  cannot  be  replaced  by  determination  ; there  must 
be  organic  fitness.  Alcoholics,  accordingly,  should  be  abso- 
lutely excluded  from  such  pursuits.  I might  say  almost  as 

^ A.  Robin,  Bull.  Acad.  Aled.,  15  July,  1013. 

^ A.  Chaveau,  C,  IL  Acad.  Sciences^  Vol.  CLXIl.,  })]>.  855  and  032;  June, 
1916;  L.  Landouzy,  ibid.,  ]»]>.  903  and  967. 
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much  of  anaemic  subjects.  In  branches  of  labour  which 
entail  the  exertion  of  great  strength  sprains,  dislocations, 
cramps,  and  lacerations  of  the  muscles  are  of  fairly  frequent 
occurrence  ; so  that  a robust  constitution  is  requisite,  exempt 
from  any  defects  which  predispose  one  to  accidents.  Alco- 
holics are  not  fitted  for  such  work  ; in  them  the  muscles  of  the 
heart  are  debilitated,  and  liable  to  failure,  which  leads  to 
svncope  ; nor  are  diabetic  subjects,  for  their  muscular  force 
is  diminished  by  at  least  fifty  per  cent.  ; ^ nor  those  suffering 
from  declared  tuberculosis,  nor  ruptured  persons,  etc.  It  is 
obvious  that  those  who  have  been  wounded  in  the  war,  or  have 
suffered  injuiy  in  industrial  accidents,  but  particularly  the 
former,  should  be  subjected  to  an  examination  which  will 
compute  the  degree  of  their  physiological  resistance  to  fatigue. 

Neither  women  nor  minors  who  have  not  attained  their 
eighteenth  year  should  be  allo^\ed  to  undertake  heavy  work, 
for  they  have  not  the  necessary  strength,  their  musculature 
being  insufficient.  Women  are  weakened  by  menstruation  and 
by  pregnancy ; the  pains  and  the  lassitude  in  the  loins  and 
legs  persist  for  four  or  five  days  after  each  menstruation  ; 
while  as  a result  of  pregnancy  the  womb  invades  the  space 
beneath  the  diaphragm,  compresses  the  heart,  and  diminishes 
the  volume  of  the  respirations. 

The  thoracic  muscles  are  in  a state  of  unnatural  contrac- 
tion, which  results  in  an  actual  condition  of  permanent  fatigue, 
and  there  is  also  a slowing-down  of  the  processes  of  nutrition. 
During  this  period  an  industrial  environment  is  highly  per- 
nicious, for  pregnant  women  are  highly  sensitive  to  toxic 
substances  and  infectious  germs, ^ which,  passing  from  the 
body  of  the  mother  to  that  of  the  child,  result  in  the  deteriora- 
tion or  death  of  the  latter.  Here,  if  ever,  social  hygiene  may 
profitably  display  its  foresight,  by  organising  prophylaxis 
and  preparing  the  race  to  resist  disease. 

Finally,  attention  should  be  given  to  the  condition  of  the 
senses,  which  are  rarely  perfect.  The  sight  of  the  myopic 
should  be  corrected,  so  that  they  need  not  stoop  over  their 

‘ Duccesc-hi  and  AlliareniRie,  Hrc/iif.  di  FisioL,  Yol.  \ 111  , pp.  580-000,  1010. 

-Lewin,  Berl,  Klin.  Wochensch.,  p.  701,  1005. 
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work  ; otherwise  the  body  will  become  misshapen,  acquiring 
the  “ scholar’s  stoop,”  and  will  be  more  subject  to  fatigue. 
The  horizon  of  the  myopic  subject  is  limited  ; the  concave 
lenses  seem  to  enlarge  and  illumine  it  ; the  worker  modifies 
his  attitudes,  corrects  his  movements,  and  shows  a better 
appreciation  of  the  relative  proportions  of  objects.  This  correc- 
tion is  indispensable  in  the  case  of  jewellers,  engravers,  com- 
positors, authors,  scholars,  etc. 

Colour  vision  must  be  investigated  in  the  case  of  painters, 
decorators,  dyers,  railwaymen,  etc.  Those  who  neglect 
this  precaution  may  encounter  many  causes  of  mortification. 

The  sense  of  hearing  gives  the  worker  his  normal  demeanour, 
as  it  gives  the  singer  his  note  and  the  orat  or  his  tone.  It  marks 
the  rhythm  of  speech.  It  also  regulates  the  movement  of 
tools  whose  action  is  periodical^ — planes,  saws,  files,  etc. 
Blacksmiths  and  nawies,  for  example,  strike  with  their 
hammers  in  such  a wav  that  the  latter  do  not  clash  with  one 
another.  Bi-aiiriciilar  hearing  helps  us  to  locate  the  origin 
of  sounds  with  accuracy  ; it  is,  moreo^'er,  far  more  sensitive 
than  the  hearing  of  one  ear  only. — I'inally,  in  some  pro- 
fessions it  is  important  that  those  who  follow  them  shall 
possess  an  acute  sense  of  smell.  Such  are  pharmacists,  vint- 
ners, oil  merchants,  cooks.  The  sense  of  smell  may  be  refined 
by  practice,  just  as  it  becomes  fatigued  by  the  continual 
inlluence  of  odours  (as  in  the  case  of  leather-dressers,  sewer- 
men,  etc.). 

We  might  refer  further  to  the  sense  of  touch,  but  of  this 
we  have  already  spoken,  and  we  shall  return  to  it  when  dealing 
with  the  problem  of  the  blind ; so  that  we  may  now  conclude 
this  brief  survey  of  the  internal  factors  of  human  activity. 


XLVII. — B.  External  Factors  of  Work  : The  Atmos- 
pheric Environment.^ — For  the  same  reason  I shall  be  sparing 
of  details  of  the  external  factors,  the  chief  of  which  is  the  tem- 
perature of  the  air.  When  this  temperature  falls  the  respira- 
tory exchanges  are  stimulated,  and  the  production  of  heat 
increases,  enabling  our  bodies  to  remain  at  their  normal  thermal 
level.  It  is  bv  the  intervention  of  those  contractions  of  the 
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cutaneous  muscles  which  we  know  as  a shiver  (Ch.  Richet) 
that  this  phenomenon  of  extra  stimulation  is  produced.  It 
originates  in  a peripheral  reflex.^  As  the  external  temperature 
rises  we  have  less  need  of  this  thermogenesis.  At  20°  Cent. 
(68°  Fahr.)  the  organism  enters  the  zone  of  indifferent  tem- 
peratures, and  the  minimum  of  respiratory  exchanges  corre- 
sjionds  with  a temperature  of  27°  to  28°  Cent.  (80-6°  to 
824°  Fahr.). 2 But  having  regard  to  the  contractive  effort 
of  the  muscles,  one  cannot,  without  greatly  diminishing  this 
elTort,  labour  in  an  environment  heated  above  18°  Cent. 
(644°  Fahr.).  In  summer,  or  in  hot  climates,  the  muscles 
contract  swiftly,  but  are  incapable  of  sustained  action  ; it  is 
the  muscular  fibre  itself  which  is  debilitated,  for  the  nerve- 
centres  are  little  affected  by  temperatures  between  95°  and 
104°  Fahr.* 

The  toxic  waste  products  become  abundant ; they  exist 
in  the  blood,  the  perspiration,  and  the  urine.  It  then  becomes 
necessar\'  to  cleanse  the  interior  of  the  organs  by  a moderate 
vegetarian  diet  and  by  the  use  of  beverages  in  which  water 
predominates,  and  at  the  same  time  to  cleanse  the  exterior 
of  the  body  by  washing  the  surface  of  the  skin  thoroughly  and 
frequently. 

In  winter,  or  in  cold  climates,  the  movements  are  languid, 
slow,  but  capable  of  sustained  action  ; the  nervous  reactions 
lack  vivacity,  and  eventually  the  worker  does  not  properly 
co-ordinate  his  movements,  and  modifies  or  controls  them 
without  delicacy.  I have  noted  in  many  workshops  that  the 
best  work  is  obtained  in  a temperature  of  13°  to  14°  Cent. 
(55-4°  to  57-2°  Fahr.),  when  the  buildings  are  spacious  and 
well  ventilated.  Offices  and  living-rooms  should  be  heated  to 
17°  to  18°  Cent.  (62-6°  to  644°  Fahr.).  For  persons  whose 
work  keeps  them  motionless,  the  temperature  of  the  air  should 
not  fall  below  624°  Fahr. 

4'he  atmosphere  subjects  us  also  to  various  other  influences  : 
barometrical  pressure,  hijgrometrical  conditions  {humidilij  or 

' Sjostiom,  Skand.  Arch.  /.  Physiol.,  Vol.  XXX.,  p.  1.,  1S113. 

■ Ijrnatius,  Lun<l,  and  Wiirri,  i'tvL,  Vol.  XX.,  p.  22)),  1908. 

^ Broca  and  Richet,  Arch,  de  Physiol.,  p.  871,  1897. 
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drijness),  aerial  currenls,  dust,  etc.  The  inconveniences  resulting 
therefrom  are  manifold.  In  weaving-sheds  and  spinning- 
mills  it  is  important  to  alleviate  the  heat  and  humidity  by 
the  use  of  proper  ventilating  apparatus  ; otherwise  serious 
svmptoms  will  make  their  appearance  ; the  perspiration 
being  diminished  in  the  warm,  saturated  atmosphere,  there 
results  a retention  of  toxic  substances  in  the  blood,  a process 
of  slow  poisoning,  which  is  betrayed  by  the  anaemic  aspect  of 
textile  operatives,  and  their  diminished  resistance  to  infection. 

The  inlluence  of  barometrical  pressure  and  of  allilude  is  also 
interesting  ; but  it  is  a complex  question,  for  which  we  must 
refer  the  reader  to  our  volume  on  he  Moteur  Hurnain,  pp.  322— 
332.  The  cold  adds  its  effect  to  that  of  the  altitude  ; the 
organism  is  weakened  therebv  ; and  while  the  heart  remains 
normal,  with  a constant  arterial  pressure,^  we  find  that  the 
muscular  force  is  diminished,  while  the  nerve-centres  function 
irregularlv.-  An  engineer  has  even  stated  that  “ at  an  altitude 
of  5,000  metres  (16,250  ft.)  a mine  of  golden  sovereigns  all  ready 
minted  would  hardly  be  exploitable.” 

We  must  also  mention  the  case  in  which  work  is  done  in 
compressed  air,  as  in  diving-bells,  caissons,  diving-dress,  boring- 
shields,  etc.  Working  under  such  conditions  often  gives  rise 
to  “ caisson  disease.”  The  respiration  slows  down  ; the 
compressed  air  is  dissolved  in  the  blood  in  greater  volume 
than  usual,  and  when  decompression  occurs  it  leaves  the  blood, 
being  liberated  into  the  cellular  tissue.  The  results  are 
itching,  pricking  pains,  and  sometimes  tumefactions.  The 
most  dangerous  moment  is  that  of  emerging  from  the  caisson. 
“ One  pays  only  on  leaving,”  as  the  French  proverb  has  it. 
Gaseous  embolisms  are  more  frequent  and  more  dangerous 

in  fat  subjects  ; they  may  be  fatal. 

On  diving  there  is  a ringing  in  the  ears,  sometimes  accom- 
panied by  pain,  which  disappears  upon  the  act  of  swallowing. 
During  work  a certain  difficulty  of  movement  is  experienced, 
with  a feeling  of  rigidity  in  the  joints. 


' Guillemard  and  Regnier,  C.E.  .Arnd.  Sr.,  8 November,  litl3. 

- A Mosso,  Fisiol.  del  uomo  suite  A’pi,  ))p.  7,  11,  Milan,  1897  (2nd  ed.,  1910). 
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Lastly,  the  arterial  pressure  increases  by  1 to  3 centimetres, 
denoting  an  excessive  cardiac  etTort  ; and  there  is  a marked 
tendency  to  fatigue.  The  blood  presents  the  characteristics 
of  anaemia  ; there  is  a diminution  of  the  number  of  red  blood 
corpuscles,  and  of  the  amount  of  haemoglobin,  which  persists 
after  work  has  ceased  ; these  art  indications  of  a certain 
derangement  of  the  haematopoicsis,  or  the  process  of  blood- 
making.^ 

XLVIII.  Clothing. — We  protect  ourselves  from  the  effects 
of  temperature  by  covering  our  bodies  more  or  less  thoroughly  ; 
but  we  are  ill  protected  against  the  variations  of  atmospheiic 
pressure  and  humidity. 

The  choice  of  clothing  should  satisfy  a threefold  condition  : 
it  should  protect  the  body  from  the  cold,  or  the  heat  of  the  sun, 
should  permit  of  a ready  cutaneous  transpiration,  and  should 

leave  the  limbs  their  full  liberty. 

Wool  is  by  far  the  most  hygienic  material  for  clothing  ; still, 
in  summer  one  may  have  recourse  to  white  flannelette,  which 
absorbs  the  solar  rays  with  difficulty,  and  prevents  a too 
rapid  evaporation  of  the  perspiration.  Workers  who  are 
emploved  on  the  heavier  kinds  of  physical  work  would  do  %\ell 
always  to  wear  woollen  clothing,  more  or  less  light  in  quality. 
The  belt  should  be  replaced  by  elastic  braces,  and  no  tight 
garments  should  be  worn  to  impede  the  circulation  and 
respiration;  a tightly  buckled  belt  makes  sustained  elToit 
difficult,  and  diminishes  the  thoracic  expansion.  We  need 
hardly  add  that  cleanliness  of  clothing  is  conducive  to  the 
health  of  the  wearer,  while  it  shows  that  he  is  careful,  heedful, 
and  orderlv. 

XLIX.  Entertainments  — Amusements  — Rest. — Many 
are  the  factors  which  cannot  be  mentioned  in  this  survey,  but 
which  favour  or  impede  human  activity.  But  I should  like  to 
say  a few  words  as  to  amusements.  They  are  useful  ; they  arc 
even  necessary;  in  the  uniforndy  hard  life  of  the  woikei  they 
are  actual  nervous  restoratives ; the  stimulations  which  they 

' Solovtsov,  Rousski  Vratch,  \ ol.  XIII,,  pp.  511,  616,  1914. 
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alTord  the  senses  cause  a reinforcement  of  tlie  motor  reactions. 
If,  as  has  been  proved  by  experiment,  these  stimulations  are 
sometimes  disagreeable  and  inhibitory,  the  worker  avoids 
them.  Consequently  any  good  perfoiTuance  or  entertainment 
which  is  of  good  quality,  and  wholesome,  constitutes  a factor 
of  work.  A recreation-room,  close  to  the  workshop  or  factory, 
is  soon  paid  for  by  the  increased  production  which  results  from 
the  contented  spirit  of  the  workers. 

Here  the  daily  hours  of  rest  will  find  excellent  employment. 
And  I imagine  that  the  working-man  will  form  a habit  of 
devoting  a portion  of  his  weekly  rest  to  instructive  and 
recreative  walks,  or  merely  to  amusements  ; the  rest  being 
devoted  to  the  affairs  of  domestic  life  ; to  his  family,  to  his 
home.  If  he  regulates  his  life,  if  he  has  a little  method, 
these  last  occupations  will  not  occupy  him  long,  nor  weigh 
heavily  upon  him  ; so  that  the  weekly  holiday  will  be  what  it 
ought  to  be,  humanly  and  physiologically;  a rest,  which 
repairs  the  organism,  a veritable  truce  with  fatigue.  How 
many  so  understand  it  ? It  would  not  be  difficult  to  count 
them. 

L.  Equipment  and  Labour. — I will  remark,  in  conclusion, 
that  the  very  conditions  of  muscular  work,  regulated  as  to 
effort,  pace,  and  hours  of  labour,  are  also  properly  external 
factors — and  the  most  important  of  external  factors.  How- 
ever, we  have  considered  them  at  the  lieginning  of  this  chapter. 
There  remains  the  question  of  equipment.  It  is  very  obvious 
that  every  worker  should  get  together  a stock  of  tools  adapted 
to  the  nature  of  his  work,  selecting  the  best,  and  that  he  should 
adopt  the  attitude  which  involves  the  least  fatigue.  It  is  the 
same  whether  he  reads  and  writes,  sews  and  end)roiders,  or 
observes  and  experiments.  It  is  particularly  important  in  the 
case  of  the  working-man,  and  most  important  in  that  of  the 
wounded  man,  the  cripple,  who  is  1o  be  re-educated  or  re- 
adapted. There  are  three  conditions  which  should  be  realised  : 

To  arrange  the  workshop  or  factory  in  such  a way  that  there 
is  no  loss  of  time  or  energy. 

To  determine  the  shape,  the  quality,  and  the  pace  which 
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will  ensure  the  maximum  output  from  the  plant,  and  to 
favour  the  introduction  of  machinerv. 

ft/ 

To  fulfil,  in  the  workshop,  the  conditions  of  lighting  and 
ventilation  which  make  for  normal  activity. 

I will  illustrate  these  principles  by  an  example  drawn  from 
the  Art  of  the  Mason,  specially  worked  out  by  Gilbreth  : ^ 

1.  Is  the  bricklayer  left-handed  ? The  position  of  the 
bricks  and  mortar  will  be  changed,  in  order  to  facilitate  his 
movements. 

2.  The  hods  of  bricks  will  weigh  from  27  to  40  kilogrammes 
(about  60  lbs.  to  90  lbs.)  according  to  the  strength  of  the  hod- 
man ; the  hammer  for  breaking  material  will  be  4 lbs.  in 
weight,  and  the  hammer  for  shaping  4-3  lbs.  ; the  spade  for 
shifting  materials  will  be  21|-  lbs.  in  weight,  and  two  different 
trowels  will  be  provided  for  ordinary  bricks  and  agglomerate 
bricks. 

3.  Bricks  and  mortar  will  be  arranged  by  an  assistant  within 
reach  of  the  bricklayer,  so  that  he  is  able  to  seize  the  brick  by 
a natural  movement,  which  makes  use  of  gravity,  and  not  by 
a constrained  movement  ; above  all,  so  that  he  does  not 
need  to  stoop  or  move  from  his  place  or  sway  his  body  in  one 
direction  or  another. 

4.  The  mortar  which  is  dropped  during  work  will  not  be 
picked  up  ; a bag  of  cement  will  not  be  opened  b}'  tearing  the 
paper  and  separating  the  various  thicknesses ; the  paper 
will  be  cut  open  by  a blow  of  the  spade,  at  the  base  of  the 
bag,  and  the  latter  Avill  be  emptied  by  jerking  the  other  end 
of  it.  Lastly,  it  costs  less  to  use  good  cement  to  fill  a gap  less 
than  half  a brick  in  Avidth  than  to  break  a brick  or  to  look  out  a 
piece  to  fill  the  gap. ^ 

To  these  measures,  which  simplify  and  accelerate  the 
worker’s  task,  we  must  add  such  as  economise  his  efforts, 
whether  this  involves  a new  implement,  enabling  him  to  do 
the  work  without  fatigue,  or  the  use  of  perfected  machinery, 
whose  control  is  mere  play  to  the  worker.  When  we  think 
of  the  great  number  of  weak  and  mutilated  workers  avIio  would 

o 


* F.  Gilbretli,  Moiiffn  Sluthf,  HUl. 

^ For  details  see  Le  Motenr  Ilumnin,  pp.  579-583. 
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iind,  in  such  a transformation  of  the  technical  instruments  of 
work,  tlie  means  to  make  themselves  useful,  and  to  earn  a 
secure  living,  one  can  but  hope  that  such  innovations  will  be 
made  in  our  industries,  which  are,  unfortunately,  slow  to  shake 
off  the  voice  of  routine. 

These  few  hints  will  enable  the  reader  to  appreciate  the 
importance  of  a rational  organisation  of  the  technical  instru- 
ments of  work,  and  of  the  workers,  and  of  the  economy  thereby 
effected,  and  the  lessons  which  it  so  abundantly  teaches. 
Without  such  organisation  the  art  of  labour  would  not  exist, 
and  this  art  is  the  source  of  all  prosperity. 


CHAPTER  VI 

THE  ART  OF  LABOUR 

Physical  Activita' 

LI. — The  modes  of  human  activity  are  infinite.  They  must 
be  analysed  into  their  constituent  elements — mechanical, 
i physiological,  and  psychological — in  order  that  we  may  effect 

all  the  improvements  desirable  in  each  of  these  spheres. 

The  most  urgent  task  of  social  reform  is  precisely  to 
investigate  the  means  of  developing,  and  devoting  to  useful 
ends,  our  human  resources  of  energy.  This  task  is  one  which 
concerns  the  economist,  the  engineer,  the  legislator,  the 
physician,  the  parent,  and  the  teacher,  for  its  aspects  are 
social  energetics,  manual  craftsmanship,  and  physical  education. 

The  activity  of  man  is  one  as  regards  its  essential  laws,  but 
its  forms  and  aspects  are  varied,  as  are  its  applications.  We 
shall  consider  these  only  so  far  as  will  enable  us  to  take  a rapid 
survey  of  them. 

LIT — A.  The  Handicrafts.  Examples — the  use  of  the 
' file  and  the  plane. ^ 

A fair  idea  may  be  obtained  of  the  method  underlying  our 
efforts  by  the  following  example,  relating  to  the  use  of  the  file. 
As  we  have  already  explained,  the  tool  is  equipped  and  con- 
nected with  appliances  which  make  a direct  record  of  all  the 
efforts  exerted  by  the  worker.  These  give,  in  a graphic  form, 
the  path  and  the  speed  of  his  movements,  a precise  idea  of 
1 their  regularity  or  their  defects,  and  the  amount  of  muscular 

I force  expended. 

Jules  Amar,  Journal  de  Physiologies  {>,  62,  1913. 
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On  tlie  oilier  hand,  the  energif  which  the  organism  devotes 
to  the  work  performed  is  estimated  in  calories,  very  exactly, 
by  measuring  and  analysing  the  respiratory  exchanges.  The 
apparatus  emjiloyed  is  shown  in  Fig.  d.5,  where  we  see  a young 
apprentice  using  the  file.  It  will  be  noted  that  the  mouth- 


Fig.  4o. — An  Apprentice  u.-<ing  the  File.  Method  ol  estimating  Fatigue. 


piece  of  the  respiration  gauge  is  sujiported  by  a metallic  band 
which  fits  over  the  crown  of  the  head.  Pure  air  is  supplied 
from  without  by  means  of  a Ilexible  tube,  and  the  gases 
expired  are  collected  in  a gauge,  from  which  a sample  is  taken 
later  on  for  analysis.  Tried  first,  and  many  times,  upon 
myself,  this  method  has  for  ten  years  given  proof  of  its  sim- 
plicity and  reliability.  During  that  lime  it  has  been  applied 
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to  about  a thousand  persons — Parisian  working-men,  soldiers, 
and  natives  of  North  Africa.  It  is  therefore  of  universal 
ajiplicability,  and,  for  that  reason,  eminently  scientific. 

The  use  of  large  metal-workers'  files,  when  investigated  on 
the  lines  already  explained,  has  proved  to  be  one  of  the  most 
interesting  subjects  for  consideration.  If  the  man  who 
handles  the  tool  is  a good  workman,  skilful  and  well  trained, 
we  find  that  graphic  analysis  furnishes  us  with  regular  curves, 
which  are  obtained  without  an  excessive  expenditure  of  force  ; 
the  muscular  action  is  unifoini  and  disciplined,  while  the 
respiration  is  regular,  as  we  mav  see  bv  the  tracings  in  Fig.  25 
(p.  72). 


r • t K/ce 


By  correcting  the  trilling  defects  of  attitude  displayed  by 
the  worker,  as  well  as  his  conventional  or  rule-of-thumb  habits, 
in  the  light  of  the  results  of  our  dynamic  and  energetic  measure- 
ments, we  have  been  able  to  determine  the  normal  position 
of  the  feet,  the  proper  distance  of  the  body  from  the  vice, 
vertically  and  horizontally,  and  the  positions  of  the  hands 
with  regard  to  the  tool  (Fig.  46).  When  these  conditions  are 
fulfilled  the  worker’s  fatigue  is  diminished  without  injurv  to  his 
daily  output. 

We  may  note,  in  Fig.  25,  the  great  regularity  of  the  work, 
the  truly  horizontal  action  of  the  file  being  represented  by 
uniform  curves,  while  the  return  strokes  are,  as  they  should 
be,  effortless  ; the  subject,  moreover,  is  working  at  a normal 
pace,  the  stroke  of  the  file  utilising  the  whole  working  length  of 
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I'lG.  4(). — Ki-onomic  Attitude  of  Man  iiling  ^Metal 


the  worker,  as  well  as  his  conventional  or  rule-of-thumb  habits, 
in  the  light  of  the  results  of  our  dynamic  and  energetic  measure- 
ments, we  have  been  able  to  determine  the  normal  position 
of  the  feet,  the  proper  distance  of  the  bodv  from  the  vice, 
verticall}^  and  horizontally,  and  the  positions  of  the  hands 
with  regard  to  the  tool  (hig.  46).  ^^hen  these  conditions  are 
lullilled  the  worker’s  fatigue  is  diminished  Avithoiit  injury  to  his 
daily  out])ut. 

We  may  note,  in  Fig.  25,  the  great  regularity  of  the  work, 

al  action  of  the  lite  being  represented  by 
uniform  curves,  while  the  return  strokes  are,  as  they  should 
be,  elforlless  ; the  subject,  moreover,  is  working  at  a normal 
])ace,  the  stroke  of  the  lile  utilising  the  whole  working  length  of 


An  ApprrnlicF  using  tlu*  Kile.  .Mcliiod  oli  (‘stimating  Fatigiu 


})iece  of  the.  respiration  gauge  is  sui)ported  by  a metallic  band 
which  fits  over  llie  crown  of  tlie  head.  Pure  air  is  supplietl 
from  without  by  means  of  a Ilexible  lube,  and  the  gases 
ex])ired  are  collected  in  a gauge,  fi'om  which  a sample  is  taken 
later  on  for  analysis.  'Fried  lii'sl,  and  many  limes,  upon 
myself,  this  method  has  for  ten  years  given  proof  of  its  sim- 
plicity and  reliability.  During  lhal  lime  it  has  l)een  applied 
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the  tool.  Alter  eight  moiilhs  of  experiment  ami  investigation 
we  succeeded  in  working  out  the  laws  of  the  niaxiniuni  of 
production  with  the  minimum  of  fatigue,  the  metal  being 
brass,  and  the  hie  a half-rough  tool  35cm.  (about  13f  in.) 
ill  length. 

“ The  body  of  the  worker  should  be  vertical,  but  without 
rigidity,  at  a distance  of  20  cm.  (about  8 ins.)  from  the  vice, 
the  latter  being  at  the  level  of  the  navel  ; the  position  of  the 
feet  should  be  as  follows:  the  angle  of  divergence,  08°;  the 
distance  between  the  heels,  25  cm.  (!(•  ins.)  ; the  left  arm  should 
be  completely  extended,  and  should  press  upon  the  tool 
rather  more  heavilv  than  the  right  arm,  their  respective 
efforts  being  8-5  and  7-5  kilogrammes  (18|  and  \1\  lbs.).  The 
return  stroke  of  the  hie  should  consist  of  a simple  sliding 
movement,  without  pressure.  Finally,  the  rhythm  of  the 
movements  is  70  per  minute. 

“ All  these  conditions  being  fulhlled,  5 mimiles  work  will 
be  followed  Inj  1 minule's  complele  leposc,  the  arms  falling  to 


the  sides. 

“ The  respirations  and  the  heart-beats  then  undergo  an 
average  increase  of  not  more  than  25  and  20  per  cent,  respec- 
tively, in  comparison  with  the  figures  obtained  during  repose. 
The  local  fatigue  of  the  right  forearm  is  endurahle,  while 
general  fatigue  is  hardly  iierceptible.  The  niaximum  output 
is  at  least  double  the  ordinary  output  of  the  great  majority 
of  workers.” 

In  this  particular  case  000  grammes  (1-32  lbs.)  of  filings  were 
removed  per  diem,  the  day  consisting  of  7 hours  effective 

work. 


LI  1 1. — Apprentices. — In  additimi  to  this  ideal  output,  we 
should  determine  an  average  output,  that  accomplished  by  the 
majority  of  workers  who  know  their  trade,  and  are  normally 
constituted.  This  varies  little.  It  is  found  to  correspond 
with  the  graphic  records  of  similar  regular  efforts.  \5  e lind, 
in  fact,  that  muscular  action  is  exercised  in  the  same  fashion, 
and  yields  the  same  analysis,  or  almost  the  same,  in  all  these 
men,  when  they  are  employing  the  same  tool.  It  varies  only 
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in  its  absolute  value,  principally  because  the  worker  is  lacking 
in  skill  ; or  above  all,  because  he  is  a beginner. 

But  in  the  case  of  atropluj  of  the  muscles,  or  functioned  weak- 
ness, which  diminishes  the  strength  and  the  plav  of  the  limbs. 


J'n;.  — CJiapliic  Record.s  of  the  Work  of  an  Apprentice  tiling  Metal, 

1 1 tic  I lit.'  came  irregular,  the  action  of  the  muscles 

being  iinetjiial  ami  obviously  al)normaI. 

In  the  case  of  a l)eginner  who  is  liandling  a large  file,  the 
muscular  eiTorts  are  consi(leral)le,  unequal,  ill-directed,  and  too 

K 
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sudden.  At  the  end  of  two  minutes  the  young  man  is  out  of 
breath  ; his  respirations  are  irregular,  proceeding  liy  fits  and 
starts  (Fig.  47) ; it  is  extremely  interesting  to  compare  them 
^\’ith  those  of  a good  workman.  An  enforced  halt  becomes 
necessary,  which  is  not  the  intentional  and  restorative  period  of 
repose  ; the  wastage  of  energy  amounts  to  66  per  cent,  of  the 
best  output 

The  apprentice  seems  to  hurl  himself  upon  the  vice  ; he 
leans  his  body  forward,  and  erects  it  again  on  the  return  stroke 
of  the  file  ; these  oscillations  of  the  body  exhaust  him,  the  more 
so  because,  in  order  to  put  a swing  into  the  forward  stroke  of 
the  tool,  he  places  his  feet  incorrectly,  lacks  equilibrium,  and, 
in  a word,  annuls  a portion  of  his  efforts.  When  one  comes  to 
take  a cinematographic  photograph  of  the  beginner  at  the 
work-bench,  his  oscillations  and  ill-controlled  movements  are 
strikinglv  revealed.  As  a rule  the  so-called  instructor,  when 
correcting  a beginner,  advises  him  to  hold  himself  erect  and 
rigid.  Now  this  absence  of  elasticity  results  in  fatiguing  con- 
tractions of  the  muscles  of  the  trunk  ; moreover,  it  produces  an 
awkwardness,  a gancherie,  which  is  a common  fault  of  beginners. 
The  classic  apprenticeship  is  not  without  a certain  amount  of 
blockish  stupidity. 

We  have,  for  purposes  of  demonstration,  trained  an  appren- 
tice, a boy  of  15,  with  the  help  of  the  graiihic  method.  He 
himself  was  able  to  read,  in  the  irregularity  of  the  tracings 
obtained,  the  elTects  of  his  inexperience,  and  to  correct  him- 
self accordingly  ; he  assured  himsell,  by  the  weight  of  filings 
removed  hour  by  hour,  of  the  truth  of  the  scientific  jninciples 
of  craftsmanship  ; and,  apart  from  personal  instruction, 
he  received  a veiitable  object-lesson  to  the  elTect  that  the 
intelligently  trained  workman  performs  more  useful  work 
and  squanders  less  of  his  strength.  Ihis  was  proved  by  the 
dynamographic  curves  and  the  figures  relating  to  the  consump- 
tion of  oxygen. 

Having  illustrated  the  ideas  already  expounded  by  this 
example  of  work  with  the  tile,  we  need  not  analyse  in  detail 
the  elements  of  the  work  performed  by  the  joiner  using  the 
jointing-plane  (Fig.  48).  Here  again  we  have  a periodical 
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action,  a to-and-fro  movement  involving  a determined 
effort  and  rhythm.  As  has  already  been  explained,  the 


•pparatus  employed  makes  it  possible  to  discipline  the  move- 
nents  and  to  direct  them  ])roperly.  The  efforts  exerted  are 
ikewise  disciplined,  by  the  employment  of  a simple  device; 
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action,  a to-and-fro  inoveineiit  involving  a determined 
effort  and  rhythm.  As  has  already  been  ex])lained,  the 


sudden.  At  the  end  of  two  minutes  tlie  young  man  is  oui  oi 
breatli  ; his  respirations  are  irregular,  proceeding  by  fits  and 
starts  (Fig.  47) ; it  is  extremely  interesting  to  compare  them 
with  those  of  a good  workman.  An  enforced  halt  becomes 
necessarv,  wliich  is  not  the  intentional  and  restorative  peiiod  of 
repose  ; the  wastage  of  energy  amounts  to  66  per  cent,  of  the 
best  output 

Tile  apprentice  seems  to  hurl  himself  uiion  the  vice  ; he 
leans  liis  bodv  forward,  and  erects  it  again  on  the  return  stroke 


apjiaratus  employed  makes  it  possilile  to  discipline  the  move- 
ments and  to  direct  them  properly.  Tlie  efforts  exerted  are 
likewise  disciiilined.  iiy  the  employment  of  a simple  device; 


Fio.  18. — A Martiui(|ue  Soltlicr  working  with  the  self -registering  Jointing-pl 
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an  electrical  circuit,  containing  an  electric  bell,  is  closed  by  the 
inscribins  stylus  and  a contact-piece,  thus  enabling  us  to  limit 
the  pressure  of  the  hand  to  5,  10,  or  15  kilogrammes  (11,  161,  or 
22  lbs.),  as  the  bell  is  heard  the  moment  the  selected  limit  is 
exceeded.  In  this  manner  the  apprentice  can  check  liimself. 


Kid.  -to.— Records  made  by  a Joiner’s  Apiirentice. 

and  can  even  acquire,  in  a very  short  time,  a sense  of  effort, 
and  a notion  of  uniform  work.  If  the  plank  which  he  is  planing 
is  changed  for  one  of  a diflerenl  kind  of  wood,  he  perceives  that 
his  effort  encounters  a different  resistance,  and  he  quickly 
gains  exjierience  of  the  value  of  his  tools.  Ihe  total  (pressure 
on  the  handle,  in  the  case  of  a joinling-plane  in  good  order. 
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amounts,  on  an  average,  to  25  kilogrammes  (55  Ihs.)  and  the 
pressure  on  the  wood  to  12  kilogrammes  (26-4  lbs.).  From  this 
it  follow’s  that  the  resistance  encountered  by  the  iron  of  the 
plane  is  equivalent  to  22  kilogrammes  (48-4  lbs.).  The  muscles 
of  an  apprentice  or  a w’ounded  man  may  he  overtaxed  by 
protracted  exertion  of  this  kind.  But  it  is  evident  that  a 
number  of  factors  go  to  modify  the  degree  of  strength  required 
for  such  w’ork  (the  nature  of  the  w'ood,  the  thickness  of  the 
shavings,  etc.),  the  most  important  of  these  being  technical 
instruction  (Fig.  49). 

LIV.— T HE  Case  of  those  who  are  incapacitated  from 
Labour. — Very  different  are  the  conditions  of  activity  in  the 
case  of  persons  wdio  sulTer,  in  any  degree  whatsoever,  from  a 
functional  incapacitij,  or  from  mutilation.  We  are  speaking  ot 
the  victims  of  industrial  accidents,  and  the  numerous  workers 
who  have  been  crippled  as  a result  of  wounds  received  in  battle. 
This  question  w’e  shall  consider  later  on.  But  w’e  would  lay 
stress  upon  the  pedagogic  function  of  the  foregoing  method, 
in  re-educating  and  re-adapting  all  these  wounded  soldiers, 
in  determining  the  degree  of  physical  diminution  which  they 
have  suffered,  and  in  guiding  them  to  the  choice  of  a trade. 

Apprenticeship,  in  any  case,  demands  a re-education  in  the 
light  of  the  data  obtained  by  experiment. 

LV. — The  Carrying  of  Burdens. — In  1907  we  had  occasion 
to  study  the  carrying  of  burdens  on  the  lines  of  the  method 
which  w'e  have  just  exjilained.i  Hundreds  of  w'orkmen  and 
soldiers  were  placed  at  our  disposal  during  a period  of  several 
months.  We  will  indicate  only  the  results  obtained  : 

1. — Walking  on  the  Level. — On  a truly  horizontal  surface,  the 
most  economical  rate  of  progress  is  4-5  kilometres  (2-8  miles) 
an  hour.  44iis  enables  an  unburdened  man  to  cover  45  to  50 
kilometres  (28  to  31  miles)  in  the  day,  with  2 minutes’  rest  at 
every  kilometre. 

When  the  man  is  carrying  a burden  the  economical  pace, 
that  which  costs  the  organism  least,  is  4-2  kilometres  (2-6 

^ Jules  Ainar,  Le  rendement  de  la  machine  humains,  Paris,  1909.  (Doctor’s 
Thesis  ; out  of  print'. 
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miles)  an  hour,  the  burden  weighing  from  20  to  22  kilogrammes 
(44  to  48-4  lbs.).  But  to  realise  the  maximum  daily  per- 
formance, the  weight  of  the  load  should  be  45  kilogrammes 
(99  lbs.)  and  the  rate  of  progress  4-8  kilometres  (3  miles)  an 
boar,  while  the  day’s  work  should  consist  of  7|  hours,  \\Tth 
2 minutes’  rest  every  600  metres  (650  yards).  An  adult  of 
25  to  40  years  of  age  can  carry  this  load  of  99  lbs.  for  an 
average  distance  of  26  kilometres  (16  miles)  a day.  But  if  the 
pace  is  increased  to  5'5  kilometres  (3'4  miles)  an  hour,  the 
distance  will  be  reduced  by  almost  one  half,  no  matter  how 
the  intervals  of  rest  may  be  arranged.  Multiplying  the 
distance  in  metres  by  the  weight  in  kilogrammes  of  the 
man  and  his  load,  and  we  shall  obtain  a figure  of  not  more 
than  three  million  metre-kilogrammes  as  the  daily  output, 
the  average  being  two  and  a half  million  metre-kilogrammes. 
Experiment  gives  J calorie  as  the  equivalent  of  1,000 
metre-kilogrammes. 

It  should  be  noted  that  in  the  carrying  of  pigs  of  cast  iron, 
each  weighing  42  kilogrammes  (92*4  lbs.),  Tayloi,  in  1912, 
obtained  similar  results,  his  figure  being  two  and  a half  million 
metre-kilogrammes.  The  rate  of  progress  and  intervals  of 
rest,  however,  do  not  altogether  agree  with  our  results,  and  his 
methods  are  different.  But  this  only  makes  the  result  more 
interesting.  As  for  the  foot-soldi('r,  it  is  best  to  gi^  e 
him  a total  burden  of  30  kilogrammes  (66  lbs.),  while  his 
normal  pace  should  not  exceed  5 kilometres  (3T  miles) an houi. 

In  connection  with  the  subject  of  troops  on  the  maich,  this 
is  a fitting  moment  to  speak  of  a practice  of  which  somewhat 
erroneous  views  are  held  ; I mean  the  practice  of  lesting  the 
men  by  making  them  mark  time  for  a fev  minutes.  Aow 
marking  time  expends  energA' ; it  costs  a third  as  much, 
sometimes  half  as  much,  as  marching.  We  have  measuied 
this  expenditure  of  energy,  and  find  that  it  increases  in  pio- 
portion  to  the.  rhythm  of  the  steps  and  the  height  to  which  the 
feet  are  raised.  Marking  time  should  therefore  be  moderated 
in  respect  of  the  two  constituent  factors,  in  order  that  it  may 
be  reduced  to  a mere  species  of  massage,  which  takes  the  stifl- 

ness  out  of  one’s  legs. 


t 
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LVI. — 2.  Carrying  Bardens  U pstairs. ~ln  carrying  burdens 
upstairs  the  conditions  of  the  maximum  output  are  : The 
weight  of  the  burden  should  be  40  kilogrammes  (88  lbs.). 
The  pace  should  be  430  metres  (1,370  ft.)  per  hour.  The 
day’s  work  should  be  limited  to  7 hours,  2 minutes’  rest 
being  taken  on  each  journey  of  8 metres  (26  ft.)  measured 
vertically. 

The  expenditure  of  energy  is  then  represented  by  8 calories 
per  1,000  kilogramme-metres  (1  calorie  per  893  foot-pounds), 
the  unit  here  called  a kilogramme-metre  ^ being  equivalent, 
in  the  energetical  meaning  of  the  word,  to  16  times  the  con- 
ventional unit  described  as  the  metre-kilogramme.  In  other 
words,  we  expend  the  same  elTort  in  covering  16  metres  on  the 
level  as  in  lifting  ourselves  through  a height  of  1 metre  in  the 
same  time. 

When  we  descend  a staircase  the  contraction  of  the  muscles 
is  le.ss  than  on  ascending ; it  is  employed  principally  in 
restraining  our  tendency  to  fall,  and  the  more  rapid  the 
descent  the  less  energy  is  expended.  We  may  estimate  the 
saving  of  energy  effected  by  the  muscles  as  50  per  cent.,  so 
that  we  expend  barely  4 calories  per  1,000  kilogramme-metres 
of  descent. 

LVIl. — 3.  Walking  on  an  Inclined  Plane. — The  problem  of 
walking  on  sloping  ground  requires  special  investigation, 
which  demands  a costly  experimental  equipment.  I will 
confine  myself  here  to  giving  a few  results  which  I was  able  to 
obtain  by  chance  means  (Fig.  50),  and  to  which  the  recent 
contributions  of  the  Carnegie  laboratories  have  added  scarcely 
anything." 

The  slope  of  my  inclined  plane  varied  from  8 to  13  centi- 
metres in  the  metre  ; that  is,  the  gradient  was  from  8 to  13 
in  the  100.  Let  us  call  this  inclination  i (in  centimetres). 

^ The  kilogramme-metre  is,  of  couise,  the  metrical  unit  of  work;  it  is  the 
work  performed  in  lifting  1 kilogramme  to  a height  of  1 metre,  or  in  exerting 
an  effort  of  1 kilogramme  along  a ]>ath  1 metre  in  length. 

^ Benedict  and  Mursehhauser,  Energy  transfortmttio7is  during  Horizontal 
Walking,  publ.  Xo.  231,  Washington,  1915. 
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The  distance  covered  on  the  slope,  L,  is  deduced  from  the 
distance  covered  on  tlie  level  by  the  following  ratios  : 

L 

Ascending  : L'  = • 

L 

On  descending  : L==:; . 

1 -r-  lOt 

These  ratios  are  approximate,  but  are.  quite.  sufTiciently 
exact  in  practice. 

LVIII. — 4.  Cijding  (Professional). —From  a very  large 
number  of  experiments  carried  out  by  means  of  our  ergomctric 


Firt.  50. — -Study  of  Walking  upon  an  Inclined  Plane. 


cycle,  we  determined  the  fact  that  the  normal  rate  of  pedalling 
is  45  to  46  revolutions  per  minute.  I’his  corresponds  with  an 
economical  pace  of  16  kilometres  (9-t»4  miles)  an  hour,  which 
does  not  overtax  the  rider.  According  to  Leo  Zuntz,  the 
equivalent  of  1,000  metre-kilogrammes  is  0-27  calories,  which 
is  half  the  equivalent  of  the  work  done  in  walking  the  same 
distance. 

The  bicvcle  should  alwavs  be  adapted  to  the  stature  of 
the  cyTlist,  as  regards  the  height  of  the  saddle  and  the  length 
of  the  crank.  Attention  must  be  jiaid  to  the  attitude  of  the 
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body,  in  order  to  reduce  its  oscillations,  and  to  diminish  the 
stooping  of  the  bust. 

The  distance  to  be  covered  daily  will  be  determined  after 
examining  the  plwsiological  condition  of  the  rider,  who  in 
any  case,  but  above  all  if  he  is  addicted  to  racing,  must  abstain 
from  the  employmient  of  alcoholic  drinks. 

When  the  bicycle  is  loaded,  or  when  a cycle  pushes  a vehicle 
in  front  of  it,  as  in  the  case  of  tradesmen’s  delivery  cycles, 
the  speed  will  be  diminished  in  proportion  to  the  load.  Sup- 
posing that  the  driving  wheel  and  the  wheels  which  cany  the 
load  are.  of  the  same  diameter,  then  if  the  load  to  be  carried 
is  represented  by  P,  the  speed  will  be  : 

35 


V = 


JP 


V being  expressed  in  kilometres  per  hour  and  P in  kilogrammes. 
This  formula  is  deduced  from  a consideration  of  the  mo\Tiig 
forces  of  the  motor  and  the  thing  moved.  In  any  case  the 
load  should  not  be  so  great  that  v is  lower  than  5 kilometres 
(3*1  miles)  per  hour. 

LIX.— 5.  Agricultural  Labour.— The  agriculturist  will 
henceforth  be  obliged,  to  a veiy  great  extent,  to  practise  the 
mechanical  cultivation  of  the  soil,  making  use  of  small  motors. 
We  shall  see  that  these,  will  be  of  considerable  utility  to 
discharged  and  wounded  soldiers.  But  we  will  briefly  give 
a few  figures  relating  to  the  best  output  of  agricultural  workers. 

Digging  or  shovelling  requires  the  employment  of  a spade 
or  shovel  weighing  1-7  kgs.  (3f  lbs.).  Loaded,  it  should  not 
weigh  more  than  10-25  kgs.  (20-55  lbs.)  at  most.  The  effort 
of  thrusting  the  shovel  into  the  earth  should  average  15  kgs. 
(33  lbs.). 

The  wheelbarrow  should  bear  a load  of  100  kgs.  (220  lbs.), 
exerting  a pressure  of  20  kgs.  (44  lbs.)  on  the  handles,  while 
the  resistance  offered  to  propulsion  will  be  only  4 kgs.  (8-8  lbs.). 
The  employment  of  a two-wheeled  barrow  is  advantageous. 

From  the  agricultural  point  of  \Tew  properly  so-called, 
every  crop  and  every  field  constitutes  a problem  of  varying 
factors  ; the  nature  of  the  soil ; the  nature  and  quantities 
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of  manure  ; the  amount  of  water  used  for  watering  purposes  ; 
its  head  or  pressure  ; the  tilling  of  the  soil ; the  germination 
of  the  seeds ; the  number  of  plants  per  unit  of  surface  ; 
mowing  and  reaping  ; fighting  against  parasites  and  stormy 
weather  ; the  propitious  seasons  for  each  of  these  operations  ; 
and  the  perfecting  of  the  implements  employed  ; all  questions 
which  we  could  not  touch  upon  here  without  diverging  from 
our  programme. 

For  the  rest,  we  must  refer  the  reader  to  Book  VI.  of  Le 
Moteiir  Hiimain. 

LX. — ^B.  Physical  Training  and  Functional  Re-Education. 
— To  our  thinking,  the  aim  of  the  physiological  organisation 
of  labour  is  essentially  utilitarian.  Sports,  athletic  perform- 
ances, etc.,  do  not  greatly  interest  us  ; a robust,  well-trained 
workman  is  of  infinitely  greater  value  than  the  most  famous 
athlete  ; while  horse-racing,  that  sport  so  beloved  by  the 
people,  will  never  make  for  the  progress  of  the  equine  race. 
The  war,  I imagine,  has  opened  the  eyes  of  all  in  this  respect. 

However,  as  an  efficacious  hygiene,  and  a bodily  discipline, 
physical  training  possesses  one  A'eiy  potent  virtue,  from  which 
we  must  not  fail  to  profit.  It  teaches  us  to  controf  our 
attitudes,  and  adjust  our  movements,  and  it  trains  our  muscles  ; 
that  is,  it  gives  human  energy  full  play  and  develops  it  to 
the  utmost. 

It  is  applicable  (but  not  exclusively)  to  normal  subjects, 
improving  them  physically  and  raising  their  physical  standard  ; 
and  it  may  also  be  extended  to  persons  of  weakly  constitu- 
tion, and  to  those  wlio  are  physically  backward,  or  are  suffering 
from  physiological  want ; above  all,  it  may  be  applied  to  the 
functional  re-education  of  the  infirm,  who  are  to-day  so 
numerous.  I shall  not  deal  separately  with  education  and 
re-education  ; their  object  is  the  same  ; their  methods  are 
the  same,  and  their  province  is  the  same.  Both  are  guided 
by  the  same  scientific  principles. 


LXL— I.  The  Principles  of  Physical  Training. — The 
principles  of  physical  training  are  those  of  a muscular  activity 
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varying  Us  effort  and  its  pace  by  insensible  degrees,  to  be  deter- 
mined by  the  general  condition  of  the  organism. 

This  effort  will  be  constant,  for  we  find  a constancy  of  effort 
under  the  ordinary  circumstances  of  life,  and  physical  train- 
ing should  never  call  upon  the  total  efforts  of  the  individual, 
subsequently  to  diminish  them.  Numerous  appliances  for 
the  administrations  of  mechanotherapy  wrongly  apply  this 
law  of  decreasing  effort,  which  is  known  as  Schumnn's  law. 
This  law,  formulated  by  Schwann  in  1837,  states  that  “ the 
absolute  effort  of  contraction  which  remains  available  in  a 
shortened  muscle  diminishes  in  proportion  as  the  contraction 
increases.”  Let  us  note  that  Chauveau’s  law  expresses  the 
same  fact  in  an  inv^erse,  but  completer  formula  : “ The  force 
developed  by  a muscle  increases  with  its  degree  of  contraction, 
or  shortening,  and  with  the  resistance  which  has  to  be  over- 
come.” It  follows  that  muscular  force  regulates  itself  in 
accordance  with  the  resistance  encountered ; it  does  not 
waste  itself  in  vain  ; it  may  increase  to  large  proportions 
without  involving  a shortening  of  the  muscles,  just  as  it  may 
do  so  by  means  of  this  shortening  alone.  Thus  it  makes  use 
of  isometric  and  isotonic  contractions^  only  to  exert  very  great 
force.  This  is  not  the  case  in  normal  activity,  and  such  are 
not  by  any  means  the  circumstances  adapted  to  the  physio- 
logical training  of  the  muscles.  Whatever  the  nature  of  the 
movement,  the  object  of  the  effort  made  will  be  to  overcome 
a constant  resistance,  which  it  will  be  useful  to  increase  day 
by  day  if  it  is  desired  to  carry  out  a process  of  training  ; but 
to  vary  it  in  the  course  of  a single  exercise,  and  to  subject 
the  tension  of  the  muscles  to  sudden  variations  and  absolute 
shocks,  which  wrench  the  fibres  and  lacerate  the  nervous 
filaments,  is  the  verv  negation  of  anv  scientific  method  of 
functional  education. 

If  we  abandon  the  idea  of  demanding  their  maximum  of 
effort  from  the  muscles,  a course  which  would  risk  overtaxing 
them  and  cause  them  to  atrophy,  there  is  nothing  to  justify 
the  principle  of  variable  resistance,  or  even  of  decreasing 

' Isometnc,  without  shortening,  hut  witli  increased  tension;  isotonic,  with 
shortening  hut  with  constant  tension  of  tlie  muscles. 
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resistance.  Exercises  are  of  physiological  value,  and  are 
useful,  only  if  the  forces  called  into  play  are  siib-maximal 
and  continuous.  In  this  case  they  produce  their  full  effect 
upon  the  locomotive  system,  giving  suppleness  to  the  joints 
and  developing  the  power  of  the  muscles.  Just  as  they  cause, 
when  pushed  to  excess,  contracture  and  an  elastic  fatigue  of 
the  tendons,  so  their  harmonious  employment  provokes 
irritability  of  the  nervous,  muscular,  and  tendinous  fibres, 
stimulating  their  elasticity  and  increasing  their  strength, 
and  induces  an  increased  respiratory  and  circulatory  acti\dty, 
which  profoundly  influences  the  phenomena  of  nutrition. 
From  this  results  what  is  known  as  functional  hypertrophy. 
We  see  the  mass  of  the  muscles  increase,  not  by  the  addition 
of  new  fibres,  but  by  the  increasing  diameter  of  the  old  ones, 
which  become  thickened,  storing  up  reserves  of  nitrogenous 
materials.^ 

Physical  training  and  functional  re-education,  therefore, 
produce  a total  effect,  a massive  action,  on  definite  groups  of 
muscles.  They  perform  a work  of  synthesis,  of  synergetic 
training. 

The  analysis  of  the  movements  is  necessary  in  quite  special 
and  temporary  instances  ; but  eventually  we  find  ourselves 
thrown  back  upon  synergy,  as  it  is  demanded  by  nature,  in 
conformity  with  the  most  reliable  teaching  of  theory  and  prac- 
tice.- 

LXII.  Factors  of  Physical  Training. — The  State  of  the 
Organism — Alimentation — The  Seasons. — However,  physi- 
cal training  does  not  consist  merely  of  the  regulation  of  muscular 
action.  The  spirit  of  the  geometrician  is  not  sulTicienl. 
Attention  must  be  paid  to  the  condition  of  the  organs,  to  the 
power  of  the  heart  and  the  muscular  .system,  to  the  elasticity 
of  the  respiratory  cycle,  and  to  the  age  of  the  subject.  The 
child  is  naturally  impelled  to  squander  his  energies  ; education, 
while  allowing  this  activity  to  develope,  will  impose  upon  it 
the  necessary  discipline,  which  will  preserve  him  from  over- 

^ ^loi'purgo,  Arch,  ital.  Biol.,  Vol.  XXIX.,  p.  65,  1898. 

* Concerning  functional  and  manual  re-edui*ation,  see  the  present  writer  s 
article  in  the  Journal  de  Physiologic,  j>}),  821-871,  1915. 
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exertion  and  bodily  malformation  ; so  that  it  is  important 
that  we  should  possess  clear  and  sufficient  ideas  of  human 
physiology.  The  youth  is  exposed  rather  to  the  risk  of  over- 
taxing his  brain,  in  the  strenuous  endeavour  to  pass  examina- 
tions, to  obtain  degrees  or  other  qualifications,  which  will  fit 
him  for  his  chosen  career  and  reward  him  with  the  joys  of 
success.  He  should  be  induced  to  rest  from  activities  of 
this  nature  by  devoting  himself  to  moderate  physical  exercise, 
in  games  or  gymnastics,  which,  provided  all  excess  be  avoided, 
will  restore  the  balance  of  his  energies. 

Up  to  about  the  forty-fifth  year  games  or  sports,  pro- 
vided thev  are  not  of  a violent  nature,  constitute  a potent 
%/ 

factor  of  neuro-muscular  training,  and  increase  the  resistance 
of  the  organism.  As  one  advances  in  years  the  function  of 
the  muscles  surrenders  its  pre-eminence  to  the  function  of  the 
brain  ; the  man  increases,  so  to  speak,  in  dignity  ; he  is  more 
occupied  with  the  things  of  the  mind  ; he  is  more  of  a man. 
“ All  our  dignity  resides  in  thought,”  said  Pascal  with 
justice. 

Physical  education  would  miss  its  aim  if  it  disregarded  the 
human  understanding.  Whenever  it  prescribes  exercises 
calculated  to  refresh  the  brain-worker,  it  will  select  them  from 


among  the  simplest  and  the  most  automatic.  Otherwise  the 
man  would  be  burning  the  candle  at  both  ends.  Jo  the.  old 
man,  whose  movements  have  lost  their  vigour  and  celerity, 
whose  cardio-vascular  organs  are  less  resistant  and  less  elastic, 
moderate  efforts  and  a deliberate  pace  are  suited  ; for  example, 
those  of  walking.  Entertainments  and  amusements,  provided 
they  do  not  evoke  violent  emotions,  are  for  him  reconstituents 
of  the  nerve-centres.  We  must  get  this  idea  well  fixed  in  our 


minds,  that  life  rapidly  increases  in  intensity;  then  ils  intensity 
remains  constant;  and  then,  during  a long  final  period,  it 
diminishes  little  by  little.  The  curve  of  energy  terminates 
in  a gentle  slope  (Fig.  51).  And  as  this  period  corresponds 
with  a moderate  and  fastidious  function  of  nutrition,  so  must 
the  expenditure,  of  active  energy  be  limited  to  the  strictly 
necessary  ; otherwise  the  organism  will  be  in  no  condition 
to  make  up  for  any  extravagant  expenditure. 
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We  see  how  far  physical  training  is  governed  by  the 
principles  of  physiology,  and  why  without  these  it  would  go 
astray.  They  are  its  raison  d’etre ; without  them  it  could  not 
have  been  devised.  From  all  antiquity  indeed,  it  has  been 
known  that  the  activity  of  the  muscles  maintained  the 
body  in  health,  and  games  were  born  of  this  utilitarian 
idea.  Cyrus,  king  of  the  Persians,  forbade  the  eating  of  a 
meal  before  the  body  was  fatigued  by  some  kind  of  exercise. 
Lycurgus  founded  baths  and  gymnasiums,  and,  effecting  a 
cruel  elimination  of  weakly  subjects,  became,  after  his  fashion. 


Fig.  51. — Energy  produced  during  the  Day  of  24  Hours  at  various  Periods  of  Life. 


the  ancestor  of  the  Eugenists.  The  Greeks  and  Romans  were 
wonderful  organisers  of  athletic  sports.  Hippocrates  and 
Galen  expatiated  on  the  subject  of  sports  and  games,  often 
exhibiting  a sound  judgement.  Even  in  the  depths  of  Asia 
they  were  the  preoccupation  of  the  ruling  classes.  In  the  year 
23  B.c.  wrestling  was  regarded  as  a most  noble  sport  in  the 
empire  of  the  Mikados.  From  gymnastics  the  next  step  was 
to  “ medicinal  gymnastics  ” or  hygiene. 

Hygiene,  therefore,  is  the  basis  of  physical  training. 
Hygiene  should  render  sports  and  games  wholesome  and 
enjoyable,  should  regulate  them,  and  determine  their  intensity 
and  their  duration,  and  should  adapt  tliem  to  the  age  and 
constitution  of  the  player. 


i 


THE  ART  OF  LABOUR 


143 


It  should  also  take  into  account  the  law  of  functional  hege- 
mony, by  virtue  of  which  the  maximum  of  life  repairs  to  the 
active  organs,  to  the  detriment  of  the  rest.  It  follows  that  the 
good  hygienist  will  forbid  the  performance  of  heavy  work 
immediately  after  a meal,  that  is  to  say,  in  the  midst  of  the 
digestive  process  ; nor  will  he  approve  of  the  performance  of 
intense  intellectual  labour  following  upon  a condition  of 
muscular  fatigue. 

The  character  of  the  alimentation  absorbed,  as  we  have 
already  stated,  is  in  itself  a factor  of  training  (see  §XL).  Between 
the  commencement  of  any  sort  of  work,  and  the  end  of  a meal, 
an  interval  of  half  an  hour  ^ should  be  observed  when  the  diet 
is  rich  in  carbohvdrates. 


LXHI.  Functional  Re-education.  General  Laws. — As  for 
the  infirmities,  differing  in  aspect  and  in  gravity,  which  usually 
affect  the  locomotive  organs,  they  are  the  province  of  functional 
re-education  proper!}'  so  called. 

The  persons  whom  we  subject  to  the  process  of  functional 
re-education  are  passing  through  that  rather  ill-defined  phase 
which  precedes  complete  recovery  : the  so-called  period  of 
consolidation.  During  this  phase  the  cellular  vitality  is  in 
full  swing ; the  tissues  are  undergoing  regeneration,  and 
increasing  their  powers  of  resistance,  while  the  functions 
are  becoming  le-established.  However,  this  anatomical  and 
physiological  restoration  is  subject  to  the  effects,  from  the 
dynamical  point  of  view,  of  malformations,  adhesions,  displace- 
ments, ankylosed  joints,  and  atrophy  of  the  organs.  Vicious 
consolidations  are  not  rare,  often  originating  in  faulty  methods 
of  immobilising  fractured  limbs,  and  sometimes  to  the  exercises 
prescribed  by  an  irrational  mechanotherapy.  The  real  object 
of  functional  re-education  consists  in  re-establishing,  or  at 
least  in  improving,  the  motor  condition  of  the  man,  the  exercises 

' A mixed  or  albuminous  diet  necessitates  an  interval  of  tM  ice  or  three  times 
this  length.  Thus  starchy  foods  and  saccharine  foods  favour  protracted  exertion  ; 
they  assure  the  energy  of  the  system  of  an  economy  of  about  5 per  cent.,  and 
constitute  a safeguard  against  organic  disturbances.  The  values  of  exercise 
and  of  rations  depend  very  considerably  on  the  st  ason.  The  reader  will  remember 
that  we  have  already  dealt  with  this  ]>oint  (Climate,  § XLVII). 
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being  regulated  by  the  form  of  his  movements,  and  tlie  average 
power  of  the  muscles  which  produce  them  ; lastly,  in  stimulat- 
ing the  tissue-repairing  processes. 

Natural  movements  may  be  referred  to  three  types  : 

Movements  of  translation,  in  which  the  member  is  displaced 
without  rotation,  remaining  parallel  to  itself.  Such  move- 
ments are  produced  when  the  member  is  actuating  a jointing- 
or  smoothing-plane,  a saw,  or  a file,  and  in  various  gymnastic 

exercises  : 

Movements  of  rotation,  in  which  certain  points  remain  fixed, 
constiluting  the  horizontal  or  vertical  axis  upon  which  the 
rotation  is  effected.  This  rotation  is  generally  partial,  limited 
by  the  play  of  a hinge,  like  the  movement  of  a gate  swinging 
on  its  pivots  ; it  may  also  be  a simple  oscillation  : 

Helicoidal  or  screwing  movements  combine  the  two  foregoing 
movements ; they  combine  translation  with  rotation.  Such 
are  produced  when  the  hand  is  w'orking  a sciew-diivei,  or 
wdien  the  whole  upper  limb  is  turning  a large  key.  It  is  w^orthy 
of  remark  that  the  screwing  movements  developing  from  left 
to  right  are  more  frequent  than  the  reverse  movements. 
Hence  the  origin  of  right-handed  screws,  corksciews,  etc 
This  must  be  connected  with  the  fact  that  right-handed 
persons  are  in  the  majority,  and  that  the  right-handed 
screwing  movement  is  an  economical  movement  foi  the 
right  arm,  as  is  the  left-handed  screwing  movement  for 
the  left  arm. 

All  forms  of  movement  are  referable  to  the  three  preceding 
types  ; it  is  enough  to  reproduce  these  latter  in  the  planes  in 
which  they  normally  occur,  with  the  force  and  amplitude  which 
characterise  them  in  the  healthy  subject,  in  oidei  to  be  suie 
that  w'e  are  giving  the  muscular  system  that  real  physiological 
training  outside  which  there  would  be  nothing  but  danger  and 
empiricism.  Whether  in  the  case  of  wholly  normal  persons, 
or  in  that  of  the  infirm,  this  training  will  always  be  graduated 
as  regards  effort,  speed,  and  total  duration.  It  will  not  be 
forgotten  that  the  contraction  of  the  muscles  produces  a 
movement  which  is  necessarily  alternating  and  oscillatory, 
in  place  of  a continuous  rotation,  and  which  allow's  time  for 
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the  accoiiqilishment  of  the  jirocess  of  intra-cellular  repair. 
The  life  of  movement  therefore  assumes  the.  aspect  of  a periodi- 
cal series  of  actions  and  intervals  of  repose. 

LX IV.  Force  and  Amplitude. — The  force  and  amplitude  of 
the  movements  of  the  limbs  must  therefore  be  determiiud 
in  the  case  of  the  person  to  be  re-educated,  and  compared  with 
those  of  the  normal  subject.  In  practice  we  compare  the 
wounded  limb  with  the  wiiole  limb.  I may  add  that  the  same 
remarks  apply  to  the  various  segments  of  the  limbs,  and  to  the 
stumps  of  amputated  limbs. 

But  it  may  happen  that  a joint  has  grown  stiff.  Then  the 
nearest  joint — in  the  case  of  the  knee-joint,  for  example,  the 
hip-joint — takes  its  place.  The  conditions  of  movement,  of 
walking,  are  changed,  and  favour  a fresh  mode  of  muscular 
synergy.  It  is  necessary,  therefore,  to  seek  mechanical 
appliances  wiiich  may  prevent  the  atrophy  of  the  quadriceps, 
and  impose  small  movements  on  the  ankylosed  bones,  so  long 
as  their  librous  and  tendinous  covering  retains  a certain 
amount  of  elasticity,  or  provided  that  radiography  has  not 
revealed  an  irremediable  osseous  adhesion. 

All  the  movements  of  locomotion  will  be  treated  in  this  wav, 
with  the  alternative  objects  of  re-establishing  the  normal 
function  in  the  atiophied  limb,  or  of  contending,  by  means  ol 
re-education,  against  a more  or  less  conq)licated  infirmity,  in 
order  that  mere  stilTiiess  may  not  develop  into  ankylosis, 
while  atrophy  is  at  least  kept  in  check.  Only  definite  cases  of 
ankylosis  or  atrophy  will  obtain  compensation  from  the 
articular  or  muscular  substitution  of  the  adjacent  segment  of  the 
limb,  stimulated  by  actual  training  exercises.  It  is  only  during 
this  process  of  reiniorcement  that  a rational  and  economical 
substitution  mqy  be  established,  guided  b}  the  instinct  of 
the  least  effort  or  the  minimum  of  constraint.  The  adhesions 
to  which  the  w'ound  has  given  rise  gradually  relax,  allowing 
the  movements  of  the  articular  surfaces  a greater  amplitude  ; 
the  elasticity  of  the  ligaments  increases,  and  the  bones  become 
polished  by  renew’ed  friction,  destroying  the  asperities  which 
remain  after  the  consolidation  of  the  fractures. 
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It  will  not  be  forgotten  that  the  contraction  of  a muscle 
may  modify  the  contraction  of  muscles  at  some  distance ; 
for  example,  the  strength  of  the  Ilexor  muscles  of  the 
fingers  is  diminished  if  the  articulation  of  the  wrist  is  the  seat 
of  a rigidity  which  keeps  it  tlexed,  or  of  a nervous  degeneration 
which  relaxes  the  extensors. 

No  attempt  must  ever  be  made  to  re-educate  an  articulation 
still  capable  of  suppurating,  or  a limb  painful  to  the  touch  or 
imperfectly  consolidated,  and  the  process  of  physical  training 
must  never  be  carried  out  hastily. 

There  is  no  method  of  classifying  those  cases  which  can 
profit  by  functional  re-education  ; there  can  be  none,  for  the 
diversity  of  the  wounds  received — in  respect  of  their  gravity, 
their  localisation,  and  the  age  of  the  wounded  man — is  incal- 
culable. What  we  can  classify  are  the  moA'ements  which  have 
lieen  compromised  by  the  wound,  and  their  importance  in  the 
locomotive  cycle,  in  the  active  life  of  the  persons  treated.  A 
special  class  will  be  that  of  those  who  have  sufl’ered  amputation, 
in  whom  we  shall  develop  the  strength  of  the  muscles  of  the 
stump  and  the  mobility  of  the  principal  articulation.  This 
preoccupation  is  justified  by  the  necessities  arising  from  the 
wearing  of  a prothetic  appliance,  on  the  arm  or  leg,  which  is 
often  too  heavy  for  the  stump.  \\'e  shall  take  the  oppor- 
tunity of  returning  to  this  subject  when  dealing  with  the 
work  of  war-cripples  and  prothesis. 

LXV.- — ^11.  The  Technique  of  Physical  Training  and 
Re-education.^ — Physical  training,  and  re-education  of  a 
functional  character,  in  order  to  .succeed  in  the  directions  which 
w'e  have  just  defined,  will  haA'e  little  need  to  borrow  from  the 
often  disastrous  technical  methods  of  mechanotherapy  and 
physical  culture.  It  must  substitute  a rational  method  for  the 
empiricism  of  the  old  methods. 

As  we  explained,  it  is  necessary  to  train  the  activities  of  the 
upper  and  lower  limbs  in  a gradual  manner,  avoiding  any 
overtaxing  of  the  nerves  or  muscles.  The  organism  will 
reveal  the  effects  of  this  gradual  training  by  a synergy  of 
effort.  This  result  will  be  obtained  by  means  of  the  ergo- 
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metric  cycle  and  the  cheirograph,  of  wdiich  we  have  already  made 
mention,  and  the  dynamographic  bulb.  It  will  be  verified  by 
means  of  the  arthrodynamometer.  We  will  describe  the  details 
and  the  use  of  these  instruments. 

(1).  The  Ergometric  Cycle. — Tlie  ergometric  cycle  consists  of 
a flywheel  W,  weighing  about  36  kilogrammes,  which  forms  the 
hind  wheel  of  a bicycle,  of  which  only  the  frame  and  tlie  pedals 
have  been  retained  ; tlie  whole  is  adapted  for  men  of  medium 
stature,  but  the  height  of  the  saddle  may  be  adjusted  if  need 
be.  The  rim  of  the  wheel  is  grooved,  and  in  the  groove,  lies  a 


Kig.  ~>'2. — Diagram  ut  ergometric  Cycle. 


J ril)boii  of  steel,  R,  wiiicli  forms  the  bi  ake  ; one  end  of  it  supports 

I a ])late  P,  on  which  weights  may  be  placed,  while  the  other  end 

i'i  is  attached  to  a traction  dvnamometer,  D,  provided  with  a 

j dial,  wiiich  may  be  made  self-registering  (Fig.  52). 

I When  the  rider  works  the  jiedals  the  ribbon  causes  an  amount 

i of  friction,  F,  which  corresponds  with  the  pull  marked  on  the 

P dial.  The  virtual  distance  cov'ered  bv  the  llvwheel  is  mul ti- 

ll 

plied  by  the  force  required  to  overcome  this  friction,  F,  which 
!/  gives  the  amount  of  work  ])crformcd  by  the  legs.  Each 

revolution  of  the  pedals  corresponds  to  a peripheral  distance 
I of  6 metres,  or  to  three  turns  of  the  llywheel,  the  latter  having  a 

I circumference  of  about  2 metres.  Under  these  conditions  the 
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bust  is  completely  at  rest,  so  that  the  legs  alone  are  working 
against  a resistance  which  can  be  adjusted  at  will  l)y  altering 
tlie  load  on  the  brake,  and  at  a pace  which  the  sul)ject  will 
choose  to  please  himself  ; the  mass  of  the  Ilywheel  will  prevent 
sudden  variations  of  speed. 

On  the  other  hand,  the  crank-wheel  0 transmits  its  movement 
to  a similar  wheel  which  is  fitted  with  a crank-handle,  II,  so 
that  by  actuating  this  latter  the  arms  will  perform  work, 
which  mav  be  measured  as  l)cfore.  The  highest  position  of 
this  handle  extends  the  arm  in  a horizontal  plane  in  the  case  of 
a subject  of  average  stature.  The  subject  may  scat  himself 
before  the  crank,  on  an  adjustable  stool,  at  a convenient 
height  : if  he  stands  the  movement  of  the  arm  will  bring  into 
play  the  articulations  of  the  W'rist,  the  elbow,  and  the  shoulder, 
just  as  the  movements  of  the  rider  utilised  the  articulation 
of  the  hip,  the  knee,  and  the  ankle. 

Moreover,  by  moving  suilicienlly  out  of  the  vertical  plane 
of  the  crank,  he  will  make  a greater  demand  u])on  the  muscles 
of  the  shoulder  and  a portion  of  the  trunk,  while  the  etlort 
of  the  elbow  will  be  reduced,  and  vice  versa. 

In  this  comparatively  brief  explanation  I cannot  discuss 
the  conditions  of  the  gradual  atlvancc  of  the  process  of  physio- 
logical training,  as  ell’ecletl  by  means  of  the  ergomctric  cycle. 
I will  content  myself  with  remarking  that  for  adults  the  follow- 
ing brake  loads  will  be  employed,  in  increasing  order  : 300, 
500,  700,  1,000,  1,200,  1,500,  2,000,  2,500  and  3,000  grammes. 

tiaving  noted  by  means  of  the  chronometer  the  pace 
voluntarily  adopted  by  the  patient,  this  will  be  increased  at 
the  rate  of  10  revolutions  of  the  11\  wheel  per  minute  every 
second  dayy  the  exercise  lasting  from  10  to  15  minutes.  The 
pace  will  be  set  by'  a metronome,  marking  from  30  to  300 
oscillations. 

We  may'  regard  as  satisfactory'  an  activity'  which  works 
against  a brake  Ioa<l  of  3 kilogrammes  at  a i)ace  of  200  revolu- 
tions per  minute,  for  a f|uarter  of  an  hour  without  a halt. 

At  this  stage  it  will  be  as  well  to  estimate  the  expenditure 
of  energv  and  note  the  degree  of  faliguc,  in  conformity'  with 
the  indications  alreadv  given. 

v'  ^ 


J 
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LXVI. — The  ex[)eTimental  equipment  is  completed,  in 
the  case  of  patients  who  have  suiTered  amputation,  by  a metallic 
si)lint  which  is  screwed  into  the  place  of  the  crank-handle, 
and  which  fullils  the  same  otlice,  with  the  advantage,  that  the 


Fig.  — Rf-education  of  Stu 


stump  can  be  strapped  into  it  by'  means  of  straps  surrounding 
the  splint.  This  latter  moves  before  a quadrant,  Q,  gradu- 
ated from  0°  to  180°  on  either  side  of  the  vertical  ; it  carries 
an  indicating  needle,  which  shows  the  amplitude  of  the  articular 
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l)ust  is  coluplolcly  at  rosl,  so  lluil  Ihe  logs  alone  ai’c  woi'king 
against  a resistance  which  can  l)e  adjuslcd  al  will  hy  altering 
the  load  on  the  brake,  and  at  a pace  which  Ihe  snhject  will 
choose  to  please  himself  ; the  mass  of  the  llywhecl  will  prevent 
sudden  variations  of  speed. 

On  the  oilier  hand,  the.  crank-wheel  C Iransmils  Us  movement 
to  a similar  wheel  which  is  litled  wilh  a crank-handle,  II,  so 
that  by  aclnaling  this  killer  Ihe  arms  will  perform  work, 

which  mav  he  measni'ed  as  before.  4'he  highesl  jiosition  of 

% 

this  handle  exlcnds  Ihe  arm  in  a hori/onlal  plane  in  the  case,  of 
a subject  of  average  slalnre.  The  subject  may  seal  himself 
before  Ihe  crank,  on  an  adjnslahlc  stool,  al  a convcnienl 
heighl  ; if  he  slands  Ihe  movemenl  of  the  arm  will  bring  into 
play  the  arliculalions  of  Ihe  wrisl,  the  elbow,  and  Ihe  shoulder, 
just  as  Ihe  movemenls  of  Ihe  rider  ulilised  Ihe  ailiculation 
of  the  hip,  the  knee,  and  Ihe  ankle. 

Moreovei',  by  moving  sullicienlly  mil  of  the  vertical  plane 
of  the  crank,  he  will  make  a greater  demand  iijum  the  muscles 
of  the  shoulder  and  a portion  of  the  Irunk,  while  the.  elTort 
of  the  elbow  will  be  reduced,  and  ince  versa. 

In  this  comparalively  brief  explanalion  1 cannot  discuss 
the  conditions  of  the  gradual  advance  of  the  process  ol  physio- 
logical training,  as  elfecled  by  means  of  the  ergometric  cycle. 
I will  content  mvself  wilh  remarking  that  for  adults  the.  follow- 
ing brake  loads  will  be  employed,  in  increasing  order  : 300, 
500,  700,  1,000,  1,200,  1,500,  2,000,  2,500  and  .3,000  grammes. 

Having  noted  bv  means  of  the  chronometer  the  pace 
volunlarilv  adopted  by  the  paiieiil,  lliis  Avill  be  increased  at 
Lhe  rale  of  10  revolutions  of  Ihe  llywheel  ])er  ininute  every 
second  day,  ihe  exercise  lasting  from  10  to  15  minutes.  The 
pact  Avill  be  set  by  a metronome,  jnarking  from  30  to  300 
oscillations. 

We  mav  regard  as  satisfactory  an  activilv  which  works 
against  a brake  load  of  3 kilogrammes  at  a })ace  of  200  revolu- 
tions per  minute,  for  a quarter  of  an  hour  without  a halt. 

At  this  stage  it  will  be  as  well  to  estimate  the  expenditure 
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LXVI.  ^'I'lie  experimenlai  eipiipment  is  completed,  in 
the  case  of  patients  who  have  suifered  amputation,  by  a metallic 
sjiliiU  which  is  screwed  into  the  jilace  of  the  crank-handle, 
and  which  fullils  the  same  ollice,  wilh  the  advantage  that  the 


Fig.  ."):r — Kc‘-o(hication  of  Stuiuji.s. 


slump  can  be  straiijied  into  it  by  means  of  straps  surrounding 
the  splint.  This  latter  moves  before,  a quadrant,  Q,  gradu- 
ated from  0°  to  180°  on  either  side  of  the  vertical  ; it  carries 
an  indicating  needle,  which  shows  the  amplitude  of  the  articular 
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nio Ycluciits,  in  iiddiu'lioii  and  abducLion.  lu  oidoi  lint  tho’ 
centre  of  the  arlicnlation  of  the  shouldei'  siiall  lie  piecisely 
on  the  axis  of  the  brachial  splint,  the  patient  is  seated  on  the 
adjustable  stool,  whose  height  is  regulated  according  to  his 
stature  (Fig.  53).  The  muscles  of  the  stump  maintain  its 
oscillation,  and  one  might  assist  it,  at  the  outset,  by  gently 
working  the  fly-wheel.  A patient  whose  arm  has  been  ampu- 
tated, for  example,  will  guide  the  movements  of  the  stump  by 
working  the  jiedals.  The  rhythm  ol  the  oscillations  and  the 
resistance  of  the  brake  will  be  moderate  ; they  will  depend 
upon  the  useful  length  and  the  actual  strength  of  the  stump, 
which  will  obviously  be  greater  wlu'.n  the  fore-arm  only  has 
been  amputated. 

In  patients  wdio  have  sulTered  amputation  of  part  of  the 
low'er  leg,  the  knee-joint  being  preserved,  an  experimental 
prothetic  appliance  enables  them  to  exercise  the  stump  ; 
the  sound  leg  will  sustain  the  etfort  strictly  necessary  to 
re-educate  it  and  call  forth  its  activity  in  the  most  unifoim 
manner.  But  as  a matter  of  fact  the  lower  limb  is  best 
re-educated  by  the  use  of  a simple  wooden  leg,  or  by  the 
employment  of  a splint. 

In  these  various  cases  we  must  supervise  not  only  the 
gradation  of  the  exercises  performed,  but  also  their  continuity, 
advancing  to  the  limits  of  physiological  training. 

Finally,  on  the  rim  of  the  fly-w'heel  is  affixed  an  elastic 
strip  of  metal,  m,  wdiich,  as  it  passes  the  fork,  comes  into- 
contact  with  a similar  strip.  The  result  is  a ticking  sound, 
and  the  patient  is  required  to  make  this  coincide  with  the 
ticking  of  the  metronome.  The  time  required  to  obtain  this 
coincidence  will  be  measured  by  the  chronometer  ; this  wtU 
form  a practical  means  of  measuring  the  personal  equation. 
When  this  period  does  not  exceed  15  seconds  the  subject  is 
quick  ; his  personal  equation  is  small,  and  he  is  adapted  to  call- 
ings demanding  rapid  movements.  If  it  is  longer  than  25  seconds 
heis  a slow'  subject.  A classification  of  subjects  made  in  this  man- 
ner wall  constitute  a guide  to  the  manual  re-education  of  wounded 
men,  and  their  re-establishment  in  the  industrial  system. 


The  fork  of  the  cycle  is  fitted  with  two  terminals,  T,  con- 
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nected  with  a balterv,  in  whose  circuit  is  a self-registerina 
Desprez  signal  At  each  revolution  of  the  wheel  the  circuit 
is  closed,  and  a notch  is  marked  on  the  record-paper  ; and 
if  the  patient’s  progress  is  normal  all  these  notches  will  be 
made  at  e([ual  intervals.  Otherwise  we  must  suspect  either 
a lack  of  co-ordination  in  his  movements,  or  a slight  tendinous 
rigiditv,  or  muscular  retraction,  with  .secondarv  lesions.  The 
cycle,  with  its  accessories,  constitutes  the  prineijial  appliance 
employed  for  the  purposes  of  physical  education. 

LXVII. — (2).  'J'lie  Cheirograph. — I give  this  name  to  a type 
of  ergograph  designed  for  the  hand,  with  its  whole  gamut  of 
movements,  including  those  of  the  wrist  as  well  as  those  of  the 
fingers.  5Iosso’s  digital  ergograph,  of  winch  this  is  a transforma- 
tion and  an  improvement,  serves  merely  to  register  the  flexions 
of  the  right  middle  linger.  Its  usefulness  is  therefore  extremelv 
limited ; moreover,  it  possesses  several  disadvantages,  wiiich  we 
have  already  described  (in  Le  Moteur  Iliimain,  p.  391).  The 
cheirograph,  on  the  contrary,  possesses  an  excellent  means  of 
attachment  to  the  fore-arm,  wiiich  leaves  the  entire  hand  free, 
ineluding  the  waist,  permitting  of  flexor,  extensor,  and  abductor 
movements,  and  also  of  lateral  inclinations.  The  registering 
apparatus  consists  of  the  ordinary  form  of  Mosso’s  carriage, 
constructed  to  work  with  the  minimum  of  friction  (see 
Fig.  -10). 

Thanks  to  this  apparatus,  the  hand,  that  delicate  segment 
of  the  upper  limb,  so  w'ell  adapted  to  movements  invoKing 
skill  and  celerity,  may  be  subjected  to  a functional  education, 
for  wiiose  results,  as  we  have  assured  ourselves,  w'e  have  not 
verv  long  to  wait. 

The  appliance  by  means  of  wiiich  the  cheirograph  is  affixed 
to  the  fore-arm  is  mounted  on  a hea\’y'  frame.  It  may  be 
inclined  to  the  right  or  the  left,  in  order  to  support  the  right 
or  the  left  fore-arm.  To  this  end  it  is  provided  with  a pivot 
and  a clamping  nut  at  one  side  (Cl,  Fig.  54).  The  fore-arm 
is  firmly  held  and  supported  by  the  semi-bracelets,  b,  b\ 
which  are  suitably  adjusted.  The  hand  then  rests  upon  a 
fixed  slab  S,  on  wiiich  the  fingers  are  fully  extended. 


fni.  .-,4. — The  Clieirogniph. 
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Above  tills  is  a seini-eireular  liar  carrying  lour  rods,  ter- 
ininaling  in  the  small  melal  Ihimblos,  /,  /;  their  position  can 
be  adjusted  by  means  of  clamping-screAVs  with  milled  beads. 
Brought  down  upon  the  slab  S these  thimbles  cover  the 
])halanges  and  hold  the  fingers  immovable.  It  is  then  jiossible 
to  liberate  this  or  that  linger  at  will,  and  to  ])erforni  work 
with  it,  the  rest  remaining  motionless. 

[Moreover,  the  hand  is  pressed  against  the  slab  S by  means 
of  a clanii)  C,  which  presses  upon  the  middle  of  the  metacarpus. 
Lastly,  at  one  side  is  a pulley  device  P,  which  transmits  to 
the  registering  apparatus  the  movements  of  the  thumb. 
The  transmission  is  eflected  by  means  of  a cord  attached  to 
a small  leather  ring  clasiiing  the  second  phalange,  the.  other 
end  of  which  is  connected  with  the  registering  apparatus. 

The  slab  and  the  set  of  thimbles,  and  also  the  pulley,  can 
be  swung  aside,  leaving  an  empty  space  in  which  the  hand  and 
the  wrist  can  perform  their  movements  of  Ilexion,  extension, 
and  lateral  deviation.  In  this  case  the  cord  is  attached  to  a 
clamp  similar  to  C,  in  which  the  hand  is  placed  and  then  closed, 
the  wrist  of  course  remaining  perfectly  free. 

All  the  movements  possible  are  eventually  converted  into 
traction  on  a thread,  which,  at  one  end  of  the  Mosso  carriage, 
supports  a weight  which  can  be  varied  at  the  will  of  the  opera- 
tor. Registration  is  therefore  always  in  the  same  direction, 
but  the  amplitude  of  the  tracings  varies.  Care  must  be  taken 
that  the  initial  position  is  adjusted  by  means  of  the  screw,  as 
if  the  cord  were  allowed  any  play  the.  different  tracings  could 
not  usefully  be  compared. 

If  these  precautions  are  taken,  and  if  the.  weights  to  be  lifted 
are  suitable — from  200  to  1,500  grammes  for  the  fingers,  the 
voluntary  rhythm  observed  by  the  patient  being  noted, 
and  then  increased  to  60  contractions  per  minute  it  will 
([uickly  be  realised  how  salutary  these  exercises  are.  They 
should  be  continued  from  3 to  10  minutes. 

On  the  tracings  thus  obtained  we  can  follow  the  increasing 
amiilitude  of  the  curves,  which  will  record  the  degree  of  Ilexion 
and  the  mobility  of  the  articulations.  Records  obtained 


with  the  same  weight  at  regular  intervals  will  give  a laithful 
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centimetres  of  mercury,  while  the  other  branch,  which  is 
longer,  contains  alioiit  30  cubic  centimetres.  This  latter 


account  of  the  functional  condition  of  the  hand,  and  will 
permit  of  later  comparison.  Those  forms  of  exertion  which 
involve  celerity  of  movement  (as  typewriting,  stenogra])hy, 
fencing)  are  those  which  are  particularly  benefited  by  this 
method  of  training,  which  is  also  of  great  value  in  cases 
of  articular  rigidity. 


Fig.  55. — Bulb  Dynamometer 


LXVIII.— (3).  The  Dijnanwgrapliic  a view  tc 

continuing  the  training  of  the  hand  in  respect  of  its  tota 
effort  of  compression  or  squeezing,  we  have  employed  a veiA 
simple  piece  of  special  apparatus  : the  dijnamographic  bulb 
or  bulb  dijuamoineler. 

This  consists  of  a strongly-made  pear-shaped  bulb  of  india 
rubber  having  a capacity  of  125  cubic  centimetres.  This  i; 
filled  with  air  at  any  desired  pressure  by  means  of  a cych 
pump.  It  is  connected  with  a mercury  manometer,  one  o 
whose  arms  is  canacious  enough  to  contain  at  least  500  cubi( 


contains  a registering  lloat,  so  that  all  displacements  of  the 
mercury  caused  by  the.  pressure  of  the  tingers,  above  the 
known  pressure  of  the  air  in  the  bulb,  are  recorded  on  a register- 


Muscular  Fatigue  — Bulb  Dynamometer 
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Normal  subject 


Pressure  oF  Hand  on  Bulb 
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Pressure  oF  3000  grammes. 

[ajULAJUUUULAjLAJLAjUAA-aJUULaJJUUUUUJULMAAAA^ljLjIAjl^ 

T--  ^ //^ 


Time  in  /5  second 


Normal  subject 


rili:  I’HVSIOLOdY  OF  IXOrSTUIAL  OIUIANISATION 


rill-;  ART  OI'  LAF.OUI5 


accouiU  of  file  fuiiclioiial  condilioii  of  the  lumd,  and  will 
periniL  of  laler  comparison,  'fhose  forms  of  exertion  which 
involve  eelerUy  of  movemeiiL  (as  lypewriling,  stenography, 
fencing)  are  those  which  arc  particularly  hcnefded  by  this 
method  of  training,  which  is  also  ot  gi'cal  value  in  cases 
of  articular  rigid! Iv. 


centimelres  of  mercury 
longei’,  contains  about 


Fig.  oo. — Bulb  Dynamometer, 


contains  a registering  float,  so  that  all  displacomcnls  of  the 
mercuiy  caused  by  the  pressure  of  the  lingers,  above  the 
known  pressure  of  the  air  in  the  bulb,  are  recorded  on  a register- 
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iiig  cylinder  (Fig.  55).  The  oscillations  of  the  mercury  are 
damped  by  a constriction  in  the  tube  connecting  the  two 
arms. 

The  difference  of  leYel  in  the  two  arms  measures  the  total 
pressure.  We  haue  marked,  on  a graduated  Yertical  stem, 
the  Yalues  in  grammes  per  millimetre  of  displacement  (differ- 
ence of  leYel). 

The  compression  of  the  fingers  causes  a variation  of  the 
initial  pressure,  and  the  variations  furnish  a tracing  which  is 
graduated  once  for  all.  The  muscles  may  be  trained  until 
from  exerting  a pressure  of  100  grammes  they  exert  one  of 
5 kilogrammes,  which  is  a very  high  ligure.  A hundred  con- 
tractions cause  the  hand  to  perspire,  while  massaging  the 
entire  fibro-muscular  system.  It  is  possible  to  follow  the 
advance  of  functional  fatigue  as  the  hand  continues  its  exertions 
and  also  the  rhythm  of  the  movements  (Fig.  56). 

LXIX. — (4).  The  Arthrodi/nnmomeler. — As  the  process  of 
training  advances,  the  strength  of  the  muscles  and  the  ampli- 
tude of  their  movement  increases.  These  two  factors,  which 
yield  an  exact  measure  of  the  results,  are  determined  by  means 
of  the  arthrodijnamometer. 

This  instrument  measures  the  angular  displacemenls  of  the 
limbs  or  segments  of  limbs,  and  the  absolute  forces  exerted  by 
the  groups  of  muscles  ivhich  control  them,  whatever  degree  of 
flexion  may  be  in  qiiestiond 

It  consists  (Fig.  57)  of  two  parallel  strips  of  steel  jointed 
like  a pair  of  compasses,  and  turning  easily  upon  this  joint. 
It  measures  all  practically  useful  degrees  of  flexion,  that  is, 
from  30°  to  180°.  The  method  of  using  the  instrument  will, 
as  we  shall  see,  explain  its  instruction  and  adjustment. 

Measurement  of  the  Angular  Movements  of  the  Limbs. — The 
arthrodynamometer  is  applied  to  two  segments  of  the  limb, 
on  either  side  of  the  articulation,  and  in  a determined  plane. 
It  is  provided  with  semi-bracelets  and  armlets  of  thin  steel, 
to  which  very  strong  straps  are  aflixed.  These  are  tightly 
fastened,  in  order  that  the  legs  of  the  instrument  may  be 

> See  C.B.  Acmh  Sc.,  7 June,  1915,  V"oI.  CLX.,  p.  730. 


Fig.  57. — Elevation  of  Arthrodynamometer. 


joint  is  unscrewed, 
and  the  pawl  P,  of 
which  the  tip  engages 
in  the  toothed  wheel 
T,  is  raised.  Then  the 
adjusting  screw  A, 
which  is  seen  above 
the  leaves  of  the  spring 
SP,  is  turned  iinlil  it 
is  brought  into  contact 
with  the  swivel  S. 
If  the  wearer  now 
flexes  one  segment  of 
a limb  upon  the  ad- 
jacent segment  (the 
foot  upon  the  lower 
leg,  the  hand  upon 
the  fore-arm),  the  leg 
L of  the  compasses 


In  order  to  make  an  angular  measurement,  the  central 
nut  X of  the  pivotal 


actuates  a pulley  ly- 
ing beneath  the  dial  i io.  ..c. 

T-v''  .11  • Manner  of  adjusting  the  Arthrodynamometer. 

D,  thereby  causing 

the  small  pointer  to  rotate,  when  the  angle  of  flexion  may  be 
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firmly  attached  to  the  segments  of  the  limb,  and  incapable  of 
slipping  (Fig.  58). 


IT)!)  rill-;  I'liYsioi.odY  oi'  i.\i)rsTi’.i.\t,  orc.axisatiox 


cYliiuler  Ar)).  The  oseillalions  of  llic  mercury  ai’e 

(lamped  1)y  a constriclioii  in  tlie  lube  eoimecling  Ihe  two 
arms. 

Tlie  dilTereiice  of  level  in  Ihe  two  arms  measures  Ihe  total 


])ressnre.  We  liave  marked,  on  a graduated  vertical  stem, 
tlie  values  in  grammes  jicr  millimetre  of  disjilacement  (differ- 
ence of  level). 

The  compression  of  the  fingers  causes  a variation  of  the 
initial  pressure,  and  tlie  variations  fnriiish  a tracing  which  is 
Uradnated  once  for  all.  The  mnscles  mav  he  trained  until 
from  exerting  a pressure  of  100  grammes  they  exert  one  of 
5 kilogrammes,  which  is  a verv  high  lignre.  A hniidred  con- 
tractions  cause  the  hand  to  iierspire,  while  massaging  the 
entire  lihi'o-mnscnlar  system.  It  is  possible  to  follow  the 


advance  of  functional  fatigue  as  the  hand  continnes  its  exertions 


and  also  the  rhythm  of  the  movements  (I'ig.  50). 


LXIX. — (1).  The  Artlmuhinamomdcr. — As  the  process  of 
training  advances,  the  strength  of  the  muscles  and  the  ampli- 
tude of  their  movement  increases.  'I'liese  two  factors,  which 
yield  an  exact  measure  of  the  results,  are  determined  by  means 
of  the  arlhrodijnamomcler. 

This  instrnment  measures  the  angular  displaccmcnls  of  ihe 
limbs  or  segments  of  limbs,  and  Ihe  absolute  forees  exerted  by 
the  groups  of  muscles  which  eonlrol  them,  whatever  degree  of 
flexion  may  be  in  guesliond 

It  consists  (Fig.  57)  of  two  parallel  strips  of  steel  jointed 
like  a pair  of  compasses,  and  turning  easily  upon  this  joint. 
It  measures  all  practically  useful  degrees  of  tlexion,  that  is, 
from  30°  to  180°.  The  method  of  using  the  instrnment  will, 
as  we  shall  see,  explain  its  insLrnction  and  adjustment. 

Measurement  of  Ihe  Angular  Movements  of  ihe  Limbs. — The 
arthrodynamometer  is  apj)lied  to  two  segments  of  the  limb. 


on  either  side  of  the  articulation,  and  in  a determined  plane. 
It  is  jn'ovided  with  semi-bracelets  and  armlets  of  thin  steel, 
to  which  very  strong  straps  are  allixed.  These  are  tightly 
fastened,  in  order  that  the  legs  of  the  instrnment  may  be 

^ See  C\  N.  AcdfJ.  Sr.,  7 June,  11U5,  \'ol.  CI>X., 
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iirmly  allacliod  to  the  segments  of  llie  limb,  and  incapal)le  of 
slipping  (iMg.  58). 





I'lo.  .“)7. — Kievatiun  of  Aithrudynaniometcr. 


In  order  to  make  an  angular  measurement,  the  central 
nut  X of  the.  pivotal 
joint  is  unscrewed, 
and  the  pawl  P,  of 
which  the  tip  engages 
in  the  toothed  wheel 
T,  is  raised.  Then  the 
adjusting  screw  A. 
which  is  seen  above 
the  leaves  of  the  si)ring 
SP,  is  turned  until  it 
is  brongliL  into  contact 
with  the  swivel  S. 

If  the  wearer  now 
flexes  one  segment  of 
a limb  upon  the  a(i- 
jacenl  segment  (the 
foot  ii|)on  the  lower 
leg,  the  hand  upon 
the  fore-arm),  the  leg 
L of  the  com})asses 
actuates  a pulley  ly- 
ing beneath  the  dial 

o 

1),  therebv  causing 
tlie  small  pointer  lo  rolale,  when  Ihe  angle  of  llexion  may  be 


Flo. 

Manner  of  atlju^lins  t!u*  Ardiivdvnamnineter. 
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read  on  one  of  the  circumferential  scales  of  the  dial.  In  the 
same  way  the  lateral  movements  of  the  hand  and  foot  may  be 
measured. 

For  Movemenis  of  the  Entire  Limb,  whether  in  a frontal  or 
sagittal  plane,  the  instrument  is  adjusted  by  clamping  the  nut 
X and  immobilising  the  joint.  The  angle  of  displacement  is 
then  given  by  the  position  assumed  by  the  swinging  pointer 
or  plumb  needle  PL,  a pointer  with  a counterweight  which 
plays  the  part  of  a plumb-line.  It  indicates  the  deviation  of 
the  limb  from  the  vertical  in  either  direction. 

The  amplitude  of  the  movements  in  any  given  plane  is  thus 
correctly  determined.  It  is  compared  with  that  required  in 
athletic  exercises  or  games,  or  in  the  management  of  machinery 
or  the  handling  of  tools. 

Measuring  the  absolute  strength  of  the  muscles. — ^As  for  the 
force  exerted  by  the  muscles,  we  may  determine  its  absolute 
or  maximum  value  at  any  degree  of  flexion.  In  this  case  the 
nut  X is  loosened,  and  the  pawl  P lowered  upon  the  toothed 
wheel,  while  tlie  adjusting  screw  A is  turned  until  it 
touches  the  leaves  of  the  spring.  This  firmly  engages  the  pawl 
in  the  interval  lietween  two  teeth,  and  suppresses  all  play 
when  tlie  muscular  effort  is  made. 

The  effort  exerted  upon  the  leg  of  the  compasses  is  there- 
fore transmitted  to  the  toothed  wheel,  and  thence  to  the 
leaves  of  the  spring,  against  which  the  adjusting  screw  A 
is  pressed.  The  deformation  of  this  spring,  though  barely 
perceptible,  is  amplified  by  the  bent  lev'er  or  crank  C,  which 
terminates  in  a segmental  rack,  which  actuates  a pinion  whose 
axle  carries  the  dynamometrical  pointer  moving  upon  the 
dial,  D',  on  which  the  values  are  read. 

Graduation  of  the  Dials. — On  the  dial  showing  the  angles  of 
flexion  the  degrees  are  marked  from  180°  to  30° ; on  that 
showing  the  displacements  of  the  entire  limb  they  run  from 
0°  to  360°  ; but  it  is  as  well  to  define  the  direction  of  the 
angular  deviation  by  the  words  laleral  (to  right  or  left)  or 
sagittal  (to  front  or  back)  in  order  to  avoid  misunderstanding. 
]\Iore  detailed  explanations  are  necessary  in  respect  of  the 
measurement  of  absolute  force.  The  muscles,  acting  upon 
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the  mobile  segment  of  the  limb,  while  the  sjiring  opposes  its 
flexion,  actuate  one  arm  of  a lever  with  a variable  moment.^ 
The  force  exerted  by  them,  even  if  it  were  constant,  would 
produce  an  effect  upon  the  dynamometer  which  would  increase 
in  proportion  as  the  movement  itself  increased  with  reference 
to  the  axis,  as  it  does,  in  proportion  to  the  flexion,  and  up 
to  a certain  limit.  Now  the  absolute  effort  of  the  muscles  is 
not  constant ; it  tends  to  exhaust  itself  during  the  shortening 
of  the  muscle  (Schwann’s  law).  It  is  therefore  difficult  to 
determine  it  exactly,  in  the  living  subject,  at  every  stage  of 
this  contraction. 

For  this  reason  we  have  adopted  a eonventional  graduation  ; 
the  force  is  supposed  to  act  normally  at  the  extremity  of  the 
leg  of  the  compasses,  in  the  centre  of  the  attachment,  at  a 
distance  of  8 centimetres  (3-2  inches)  from  the  centre  of  the 
hinge.  The  length  of  this  arm  of  the  lever  being  known 
once  for  all,  we  have  contented  ourselves  with  reading  the 
efforts  in  kilogrammes  on  the  small  dial,  in  place  of  the  kilo- 
gramme-centimetres which  express  the  movements.  If  the 
exact  position  of  the  muscular  insertion  on  the  movable 
bone  be  known,  it  will  be  possible  to  deduce  the  effective 
component  of  the  effort,  and  to  calculate  the  actual  power  of 
the  muscles  concerned. 

This  method  of  measurement  enables  us  to  follow  the 
variation  of  the  forces  exerted  during  the  movement,  and  to 
appreciate  the  results  of  the  training  process.  It  is  essential 
whenever  it  is  desired  to  undertake  the  scientific  organisation 
of  the  work  of  re-education,  whether  functional  or  professional. 

(5).  Lastly,  in  order  to  restore  the  movements  of  rotation 
in  the  arm,  I make  use  of  an  apparatus  based  on  the  principle 
of  the  cam,  called  a ggrograph,  which  applies  both  force  and 
movement,  and  measures  them. 

LXX. — III.  Applications. — Attitudes  of  the  Body. — Physical 
education,  conducted  according  to  the  technical  principles 
explained  above,  will  produce  rapid  and  lasting  results  ; it 


^ The  moment  is  the  product  of  a force  and  the  arm  of  the  lever  to  which  it  is 
Applied. 
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will  easily  lead  the  subject  to  the  verge  of  the  most  active 
alhkiic  exercises,  for  once  Uie  orgoiiic  functions  have  been 
siil)jeclc(l  to  supervision  and  training  there  will  no  longer  be 
any  possibility  of  exhaustion  or  failure  (see  the  whole  of  the 
chapter  on  Fatu/iie). 

But  jiinelional  re-education,  which  is  applied  more  particu- 
larlv  to  wounded  soldiers,  must  he  kept  within  moderate 
limits,  progressing  at  a very  gradual  rate,  under  penalty  of 
accidents. 

Both  physical  education  and  functional  re-education, 
in  short,  are  based  upon  the  fact  that  human  activity  should 
be  physiologic  all]]  regulated,  and  that  it  becomes,  by  that  very 
fact,  economical  and  hygienic. 

Attitudes. — We  may  remark  that  even  when  lying  down, 
or  sitting,  or  standing,  we  do  not  all  go  about  the  business  in 
the  same  fashion,  as  we  are  ignorant  of  the  economical  and 
hvGienic  attitudes.  IMeasurcmcnts  of  the  energy  expended 
have  plainly  })roved  as  much. 

Complete  repose  of  the  body  is  obtained  in  the  recumbent 
position,  but  by  lying  on  the  belly,  not  on  the  back,i  prefer- 
ably inclining  to  the  right  side  ; the  saving  is  7 to  8 per  cent, 
over  the  seated  position.  In  the  latter  the  body  should  be 
upright  and  symmetrical,  the  feet  touching  the  ground  with- 
out effort  ; above  all  they  should  not  hang  clear  of  the  ground. 

In  sittinG  down  to  read  or  write  care  should  be  taken  that 
the  fore-arms  rest  on  the  table,  and  that  the  shoulders  are 
drawn  back  ; if  the  desk  is  too  high  it  will  involve  an  awkward 
and  very  fatiguing  attitude,  which  will  impede  the  movements 
of  the  hand  in  writing,  while  too  low  a desk  necessitates  stoop- 


ing. 


The  erect  position  is  still  more  interesting  ; it  concerns  the 
working-man  and  the  engineer  alike  ; it  is  of  particular  import- 
ance to  the  overseer  ; it  is  the  attitude  of  the  soldier,  the  watch- 
man, the  policeman,  the  omnibus  conductor,  the  railway- 
guard.  It  comprises  two  symmetrical  attitudes  and  one 
asymmetrical  pose,  which  arc  plainly  shown  in  Fig.  59  (left 
to  right). 

‘ Liljsti'aiid  and  Wollin,  Shunil.  Arch.  /.  FI  ’/.?.,  \ ol.  XXX.,  p.  1'J‘J,  1913. 
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The  normal  altitude  (the  Xormal-Stellung  of  the  Germans) 
is  regular;  it  places  all  the  articulations  in  a single  vertical 
plane  ; but  it  is  a source  of  fatigue.  The  convenient  attitude 
(Begiieme-IIaltung)  is  more  stable,  and  contracts  the  muscles 
less.  However,  it  does  not  reduce  the  expenditure  of  bodily 
energy  to  the  minimum,  as  does  the  easy  attitude,  of  which 


Fig.  — Erect  Positions  of  the  Body. 


we  all  have  an  instinctive  experience.  Deportment  calls  for 
a convenient,  symmetrical  attitude,  which  eases  the  vertebral 
column,  slightly  hollows  the  loins,  and  expands  the  chest, 
retracting  the  abdomen  and  the  shoulders.  This  undeniable 
condition  of  muscular  tension  causes  some  fatigue,  but  it  has 
a very  favourable  influence  over  the  whole  economy  ; it  con- 
serves the  energies  and  maintains  the  stature. 


M 
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Let  US  compare  the  cost  of  these  various  attitudes,  counting 
the  energy-expenditure  of  the  recumbent  man  as  100.  We 
shall  obtain  the  following  figures  : ^ 

Recumbent  position  (in  pronation)  ..  ..  100 

Seated  position  . . . . • . • • • • 107 

( Easy  pose  . . . . . . . . 1 10 

Standing  - Convenient  pose  ..  ..  ..  113 

(Normal  pose  ..  ..  ..  132 

LXXI.  Locomotion. — Gymnaslics. — Locomotion,  too,  is 
capable  of  improvement.  We  have  already  indicated  the 
economical  factors  of  a walking  gait.  It  must  be  added 
that  above  170  steps  to  the  minute  it  is  more  profitable  to  run  ; 
which,  for  that  matter,  all  those  do  whose  lower  limbs  are  short. 
Very  frequent  short  steps  cause  the  prompt  appearance  of 
fatigue ; I will  venture,  in  this  connection,  to  utter  a legitimate 
criticism  of  narrow  skirts  for  women.  The  subject  is  a less 
serious  one  than  that  of  corsets,  but  none  the  less  hygiene 
deserves  a certain  consideration  ; and  it  is  by  no  means  the 
enemy  of  fashion. 

Certain  populations,  such  as  the  Arabs,  effect  a saving  of 
20  to  25  per  cent,  in  their  locomotion,  and  in  the  use  of  their 
legs  in  general.  Their  output  is  thus  greatly  superior  to  the 
average.  Now  these  folk  practise  the  so-called  flexed  walk 
(of  which  I have  said  what  is  necessary  elsewhere),  which  aids 
progress  and  reduces  the  efforts  of  muscular  contraction. 
This  is,  for  that  matter,  the  gait  of  the  weary  labourer,  the 
navv’y''  returning  from  his  work,  or  the  human  beast  of  burden 
harnessed  to  a heavy  hand-cart  (Fig.  60)  ; it  diminishes 
the  oscillations  of  the  bodily  centre  of  gravity,  and  increases 
a man’s  steadiness  on  his  legs.  Under  ordinary  circum- 
stances the  trainer  will  combine  walking  and  running  exercise 
in  order  to  increase  the  rhythm  of  the  heart  and  lungs  to  a 
fitting  extent ; he  will  note  these  at  the  close  of  20  or  30 
minutes’  training  exercise.  Once  again,  a progressive  advance 
will  be  observed,  which  will  exclude  any  danger  of  strain  or 
over-exertion. 

^ See  Le  Motear  Humain,  p.  444. 
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The  principles  of  economy,  finally,  may  be  applied  to 
many  altitudes  ; Irom  lhal  of  tlie  man  wlio  writes  or  draws 
or  plays  a musical  inslrument  to  lliose  of  the  athlete,  the 
sportsman,  and  the  .soldier. 

R alking,  running,  jumping,  elimbing,  crawling,  and  such 
modes  of  activity  as  boxing  and  fencing,  are  subject  to  the  same 
laws  of  rhythm,  measure,  and  physiological  regulation.  I 


Fig.  r>0. — The  Flexed  Walk. 


have  said  all  that  is  needful  on  this  subject  in  Book  VI.  of  Le 
Motcur  llumain,  to  which  the  reader  may  lefer  (p.  469). 

Gymnastics,  at  a certain  period  of  re-education,  when  the 
arliciilalions  have  resumed  their  normal  play,  becomes  a 
training  method  of  great  value.  1 am  speaking  above  all  of 
movements  of  the  arms  and  legs.  To  these  I add  exercises 
with  dumb-bells  of  1 to  3 kilogrammes  (2-2  to  6-6  lbs.)  weioht, 
terminating,  under  the  most  favourable  conditions,  with 
a weight  of  .5  kilogrammes  (11  lbs.).  The  movements  will  be 
made  in  pronation,  then  in  supination,  at  the  rate  of  80  to  100 
per  minute  (bigs.  61  and  62),  always  vigorou.slv,  with  the 
body  in  the  normal  attitude. 


Oymnastic  Exercises  for  increasing  Strt^ngth, 


simple  gymnastic  exercises,  with  weights,  cords,  and  j)ulleys  ; 
he  recommends  wliat  has  improperly  been  called  manotherapy. 
I cannot  unreservedly  support  the  views  of  this  distinguished 
politician,  for  the  movements  practised  should  in  the  first 
place  be  ynided,  lest  they  should  be  performed  incorrectly,  and 
produce  malformations,  at  an  age  when  the  soldier's  skeleton  is 
often  not  completely  ossified,  or  the  muscles  fully  developed. 


j'lQ,  (51. Gymnastic  Exercises  with  l)uml>-bclls  (Attitude  of  Body  im jiroving) 


rfii:  wvv  oi*  i.Aiiorn 


OlluM’  i>‘vinnaslic*  and  an’ohalic*  exercises  inerelv  hrinij 
into  liariiioiiy  llu‘  inowiiu'iils  of  llu*  coiilre  of  i>ravily  and  the 
force  of  the  muscular  coiilraclions. 

Dr  Lachaud,  of  llie  Chaud)cr  of  Deputies,  insists  upon 
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for  iiK'ivnsina  Strength 


simple  gymnastic  exercises,  with  weights,  cords,  and  ])ulleys  ; 
he  recommends  what  has  improperly  been  called  iminolhcrapij . 
I cannot  unreservedly  support  the  views  of  this  distinguished 
politician,  foi-  the  movements  ])raclised  should  in  the  first 
place  he  (jiiidcd,  lest  they  should  he  performed  incorrectly,  and 
produce  malformations,  at  an  age  when  the  soldiei''s  skeleton  is 
often  not  completely  ossified,  or  the  muscles  fully  develo])ed. 


Gvmnastic  I'lxftfisfs  with  (Attiliule  of  Jhidy  iiii|iio\ iiig) 
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Gymnastic  exercises  are  suitable  for  normal  sul)jecls,  and 
these  they  develoj)  harmoniously ; applied  to  wounded 
soldiers  and  the  infirm  they  are  merely  an  auxiliary  method  ; 
they  cannot  constitute  a complete  means  of  functional 
re-education.  Bv  comhiniiuj  the  education  of  the  move- 
inents  with  observations  of  fatigue  we  have  completed  the 
training  of  a few  voung  men  and  of  many  hundreds  of  infirm 
subjects.  To  the  numerous  attestations  which  would  seem 
out  of  place  in  a work  of  this  nature  I should  prefer  personal 
verifications.  Any  one  may  test  for  himself  these  simple^ 
cjuick,  and  economical  methods.  Experience,  aided  by  an  en- 
lightened judgement,  will  never  employ  them  without  success. 

LXXII.  Summary— Physical  Activity.— The  identity  of 
the  methods  which  should  guide  both  physical  education  and 
the  activitv  of  the  craftsman  is  obvious.  It  results  from  the 
geometrical  and  harmonious  forms  of  the  contractions  ot  the 
muscles  ; it  reveals  itself  indeed  in  the  very  effects  of  this 
contraction,  since  fatigue,  in  the  last  analysis,  is  always  an 
intoxication. 

Of  the  principles  of  the  art  of  labour,  I would  lay  especial 
stress  upon  order  and  the  selection  of  movements.  If,  in  order 
to  execute  any  physical  action  whatever,  we  make  the  strictly 
necessarv  movements,  which  alone  are  useful  in  executing  it ; if 
we  eliminate  the  useless  movements,  and  regulate  the  succession 
of  the  useful,  we  shall  effect  a great  saving  both  of  time  and 
fatigue.  Our  education  too  will  profit  greatly ; a moral 
treasure  will  be  added  to  the  betterment  of  our  well-being. 
The  organisation  which  I am  speaking  of  involves  the  art  of 
making  movements  approjiriate  to  an  end,  and  of  making  a 
rigorous  selection  of  the  same,  tending  to  an  economy  of  effort  ; 
in  other  words,  of  ordering  tlicm  and  utilising  them  in  the 
best  possible  manner. 

Selection  and  order  are,  in  truth,  the  characteristics  of  the  new 
method,  which  will  presently  work  an  economic  revolution  to 
which  no  other  can  be  compared.  It  is  not  purely  mechanical  ; 
it  does  not  turn  a man  into  a soulless  body,  a blind  and  tire- 
less force;  it  embraces  all  I he  data  of  physiology  and 


i 


i 


THE  ART  OF  LABOUR  1G7 

psychology,  of  which  it  alone  is  able  to  display  the  parallelism 
and  the  unfailing  harmonv.  It  would  seem  to  have  taken  for 
its  guide  this  saying  of  Montaigne’s  : “ It  is  not  a body,  it 
is  not  a soul  that  we  are  forming  ; it  is  a man  ; we  must  not 
make  two  of  him.” 
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THE  ART  OF  LABOUR  (cnnlinucd) 

IXTEI.LECTUAI.  ACTIVITY  ^ 

LXXIII.- — 111  the  iiilelleclual  domain,  which  on  every  hand 
suiTounds  the  domain  of  physical  forces,  and  overllows  it,  we 
have  atlempted  to  introduce  the  discipline  of  the  art  of  labour, 
that  is,  the  same  laws  of  selection  and  co-ordination,  of  the 
oriiaiiisatiou  of  movement.  1 he  aiiplicatiou  to  the  things  of 
the  mind  of  the  laws  of  general  mechanics  .seems  in  itself  to  be 
a soniewhaL  hazardous  proceeding  ; in  any  case,  it  is  anything 
but  finallv  worked  out.  But  being  based  upon  facts  which  are 
perfectly  established,  although  not  large  in  number,  and  being 
moreover  carefully  verified  and  controlled,  it  is  lacking  neither 
in  interest  nor  in  social  and,  above  all,  pedagogical  value. 
For  these  two  reasons  it  is  worthy  of  the  reader’s  attention. 

LXXIV.  Complexity  of  Intellectual  Work. — The  problem 
to  be  solved  does  not  necessarily  presuppose,  the  knowledge 
of  that  something  which  has  in  turn  constituted  the.  object  of 
meditation  of  the  philosophers,  the  theologians,  and  the 
physiologists — namely,  the  mind  or  soul  ; or,  in  a narrower 
acceptation,  the  intelligence  or  understanding.  The  classic 
methodology  indeed  distinguishes  between  the  intelligence  of 
the  will  and  that  of  the  perceptions;  it  places  them  in  a 
hierarchv  of  the  faculties,  which  are.  more  and  more  highly 

V 

spiritualised  as  they  are  further  iii  Ihe  scale  Iroiu  perception. 

1 This  chapter  was  published  as  an  article  in  La  Rente,  for  1 June,  1914,  under 
the  title  L Art  de  penner.  1 should  mention  that  since  that  date  (in  1910)  a 
volume  has  appeared  under  the  same  title,  whose  author,  one  Clement  Goh, 
has  plagiarised  my  article,  and  has  most  unha])pily  spun  it  out  over  200  pages* 
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But  from  the  experimental  and  physiological  point  of  view 
the  matter  wears  another  aspect.  Will  and  perce])lioii  are, 
in  unequal  degrees,  both  functions  of  nervous  aclivilij,  strictly 
adhering  to  its  modalities;  they  are  its  gualitalive  expres- 
sion. The  good  or  the  evil  we  do,  said  Diderot,  depends 
on  the  condition  of  our  diaphragm.  This  determination,  or 
considered  as  a doctrine,  this  delerininisin,  does  not  inlluence 
the  function  of  thought;  it  perceives,  with  a kind  of  internal 
vision,  that  which  is  good  and  that  which  is  bad,  appreciating, 
comparing,  and  judging,  apparently  quite  freely. 

The  intelligence  is  therefore  the  series  of  operations  which 
etfect  the  representation  and  the  classification  of  oui  ideas. 
Because  it  resuscitates  images  and  transfers  them  to  its  plane 
of  vision,  it  fulfds  a function  of  the  alJective  order  ; that  is  to 
say,  subordinated  to  the  condition  of  the  nervous  system  ; 
it  arouses  great  numbers  of  neurones,  re-awakens  the.  cellulai 
vibrations,  and  harmonises  them  with  the  vibrations  of  other 
cells  ; a circuit  of  vital  energy  unites  the  elements  of  the 
cerebral  substance.  This  is  a purely  physiological  process, 
due  to  several  causes.  Sometimes  it  is  provoked  by  the 
peripheral  sensitive  neurones,  those  of  the  sight,  the  touch, 
the  hearing  ; sometimes  by  humoral  variations ; a lit  of  in- 
digestion, like  an  emotion,  stirs  up  the  whole  swarm  of  dreams, 
and  disperses  them  upon  all  the  winds  of  fiction.  To  these 
solicitations  the  nerve-cell  responds  by  a greater  activity,  and 
the  reflexes  draw  upon  the  muscles  of  the  face,  with  strokes  of 
varying  emphasis,  the  ripples  of  the  tide  of  emotions  which 
has  swept  through  them  (Fig.  63).  These  muscular  contrac- 
tions have  all  the  diversity  of  the  emotions  themselves,  and, 
by  their  force  and  duration,  they  reveal  the  gravity  of  the 
sensitive  phenomenon  ; sometimes  there  is  a contracture,  a 
painful  spasm.  This  muscular  effort  causes  the  blood  to 
surge  into  the  organ  of  thought.  Also,  during  prolonged 
or  intense  intellectual  exertion,  or  during  .slumber  agitated 
by  dreams,  the  temperature  of  the  brain  undergoes  a slight 
increase  ; the  pulse  is  very  marked  in  the  temples  ; theie  is  a 
feeling  of  heat  and  a smarting  sensation  in  the  face,  but  the 
peripheral  organs  are  sacrificed  ; the  feet  and  legs  are  cold. 
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When  sucli  phenomena  are  frequently  repeated,  when  the 
periods  of  mental  activity  are  comhined  with  too  few  periods 
of  repose,  there  are  manifestations  of  cerebral  fatigue;  the 
head  grows  hea\w,  the  eyes  become  bloodshot ; the  sight  is 
troubled  bv  a diminished  convergence  of  the  pupils,  and  by  a 
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Fig.  — Diagrammatic  Exjm-ssion  of  the  Emotioiii?. 


convexity  of  the  lens  ; the  respiration  is  superficial  and  ir- 
regular, and  the  licart  slows  down. 

Toxic  waste  prodiiels  accumulaie  in  the  organism.  They 
are  eliminated  in  the  urine,  but  their  elTect  upon  the  power  of 
the  muscles  is  already  revealed  by  a rapid  diminution  of  the 
tracings  obtained  by  means  of  the  cheirograph,  while  their 
effect  upon  the  sensibililg  is  betrayed  by  high  readings  on  the 
aesthesiometer.  The  respiralorg  exchanges  increase  in  intensity. 
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by  about  7 to  11  per  cent.,  and  the  consumption  of  oxygen 
measures  the  extent  of  this  complex  activity,  which  is  inci eased 
by  attention,  but  diminisbed  by  training  and  habit. The 
digestive  secretions,  on  the  other  hand,  are  modified,  and 
partially  inhibited. ^ The  vegetative  life  diminishes  its  activi- 
ties, in  order  to  give  full  scope  to  the  life  of  the  higher  nerve- 
centres.  Then,  as  we  have  said,  the  menial  images  are  revived, 
and  the  intelligence  has  performed  a task  of  a physiological 
nature.  Only  the  selection  and  the  ordering  of  ideas  appear 
in  the  intelligence  as  something  of  a different  essence,  a really 
transcendent  powder. 

This  is  precisely  what  w'e  washed  to  establish  : namelj , 
that  the  exercise  of  the  mind  mingles  operations  which  aie 
true  nervous  reactions,  reflexes,  affective  conditions,  with  other 
important  operations  wdiich  dominate  the  sphere  of  perception. 
But  W'e  of  course  intend  it  to  be  understood  that  both  cate- 
gories of  phenomena  result  from  the  physiological  activity  of 
the  organism,  and  are  subject  to  all  the  disturbances  and 
eddies  of  life  ; they  levy  tribute  on  the  resources  of  the  organ- 
ism ; they  represent  organic  effort ; they  involve  a certain 
expenditure  of  energy  wdiich  produces  fatigue,  for  nothing  in 
nature  is  gratuitous. 

And  here  we  are  at  the  very  heart  of  the  problem  stated  in 
the  beginning  ; whether,  in  the  living  world  as  in  the  inani- 
mate world,  energies  are  not  merely  transformed  ; if,  foi 
example,  muscular  energy  has  its  source  in  the  chemical 
energy  of  the  aliments  absorbed,  to  what  origin  are  we  to  refer 
intellectual  energy  ? Whence  does  it  spring  ? And  how- 
can  it  be  utilised  without  loss  ? 


LXXV.  The  Origin  of  Intellectual  Energy.  — Two 

American  scientists,  Benedict  and  Carpenter,  after  laborious 

experiment,  succeeded  in  demonstrating  that  the  exeuise 

of  thought  by  itself  occasions  very  little  expenditure ; it  figures 

as  a verv  small  item  in  the  alimentary  budget.  A man  who 
%/ 


. .Johanssohn,  SLvn,l.  Arch.,  Vol.  XVIIL,  p.  85,  lS98;-Beckcr  and  ONen. 
ibid.,  Vol.  XXXI.,  p.  81,  V.)U;—Die  Um.^ichau,  Xo.  19,  1912. 

= Bninacci  and  Be  Sanctis,  Archiiia  di  Fhiol,  Vol.,  XII.,  p.  441,  1914. 
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expends  2.100  calories  in  the  twenly-foiir  hours  for  Ids 
energetical  maintenance  expends  harely  9 oi  10  caloiics 
more  when  he  devotes  himself  to  long  meditations,  resolves 
difficull  e([ualions,  makes  learned  calculations,  and  in  short 
iliinks,  for  tS  hours  a day. 

The  subject  was  enclosed  in  the  calomelric  chamber  already 
described  (Fig.  3),  where  he  was  presented  with  a heavy  German 
treatise  on  mathematical  physics.  The  energy  radiated  in 
the  form  of  heat  was  measured  outside,  unknown  to  him. 

On  the  other  hand,  I have  verilied  the  fact  that  the  consump- 
tion of  oxvgen  is  only  oerii  sliglUlij  nio<lified  when  students,  in  a 
condition  of  perfect  repose,  devote  themselves  to  complicated 
mental  operations.^  It  is  obvious  th.at  in  these  ditfeient  cases 
we  are  estimating  the  increased  expenditure  of  intellectual 
energy,  seeing  that  the  mind  is  never  absolutely  at  rest.  But  to 
represent  me  as  saying  that  the  expenditure  of  energy  rises, 
at  the  moment  when  the  mind  begins  to  work,  from  zero  to  a 
positive  value,  and  to  find  in  my  argument  a positive  coutiadic- 
tion  in  terms,  as  did  a writer  in  a Dutch  review,  is,  as  anyone 

will  perceive,  completely  unjust. - 

“ The  great  dilliculty,”  we  repeat,  with  Voltaire,  “ is  there- 
fore to  understand  how  any  creature  comes  to  have  thoughts.” 

And  indeed  the  whole  difficulty  is  there.  For  him  who 
considers  the  nervous  operations  which  record  images,  pre- 
serve them,  and  rejieat  them,  it  is  easy  to  conceive  that  they 
never  cease  ; that  they  are  an  attribute  of  life,  and  its  accom- 
paniment. No  state^  of  rest  absolutely  interrupts  them, 
serving  as  a starting-point  from  which  we  can  measure  the 
expenditure  of  energy  which  their  profound  and  invisible 
exercise  involves.  In  this  respect  llie  principle  of  the  con- 
servation of  energy  which  governs  the  universe  remains 
unshaken.  But  the  mind  retains  its  mysterious  secret ; it 
remains  withdrawn,  beyond  the  cyide  of  the  vital  energies  ; 
a fact  which  is  wholly  disconcerting,  unless  indeed  we  have 
recourse  to  a recent  explanation,  inspired  by  the  phe- 
nomena described  as  radioactive.  Certain  substances  undeigo 

‘ I have  dcscriljed  the.se  experiments  in  Le  Motevr  Ilmnain,  p.  278. 

“ Wettensf'happelijke  Bhiden^  A ol.  1\.,  p.  1» 
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disintegration,  s])ontaneoiisly  dissociating  them.selves,  with 
a secular  deliberation,  producing  light,  heat,  and  electricit\. 
The  example  of  radium  jioints  to  this  transfornudion  of 
matter,  which  exhausts  itself  and  disappears  when  once  it 

has  liberated  all  its  reserves  of  energy. 

Can  it  be  that  thought  also  constitutes  a radioactive  pheno- 
menon ? Is  it  evolved  from  the  disappearing  cerebral  sub- 
stance by  a process  as  yet  inexplicable  ? 

If  this  were  so  the  differences  between  the  radioactive  or 
dissociative  powers  of  the  cerebral  substance  vould  explain 
the  dilferences  of  intellectual  vigour  and  vivacity  to  be 
observed  in  different  persons,  just  as  the  characteristic  qualities 
of  the  sources  of  light  affect  its  intensity  or  illuniinating  power. 
However,  the  radioactive  origin  of  thought  is  not  proven. 
Although  it  has  been  noted  that  the  nervous  tissues,  and 
especially  the  brain,  are  highly  radioactive^  it  has  also  been 
recognised  that  this  property  results  from  the  absorption  of 
the  traces  of  radioactive  substances  contained  in  our  solid 
and  liciuid  aliments,  and  in  all  mineral  waters. 

All  that  we  can  venture  to  suggest  is  that  the  disaggregation 
of  the  cells  of  the  brain  liberates  inlellectual  energy  directly 
and  exclusively,  without  the  usual  inlermediaries  : without 
heat  or  the  emission  of  electricity.  For  our  cells  are  a.ssuredly 
the  theatre  of  a material  evolution  vhich  affects  even  the 
molecule,  breaks  it  up  into  infinitesimal  fragments,  and  in 
particular  destroys  its  phosphated  elements  and  nuclei.  These 
are  the  compounds  rich  in  phosphorus,  the  colourable  portion 
of  the  nerve-cell — that  is,  the  chromatin— \\hich,  being  by 
reason  of  their  organic  bases  in  an  unstable  molecular  condition, 
seem  doomed  to  this  slow  destruction,  and  exhaust  them- 
selves in  the  operations  of  the  cerebral  cortex,  the  very  body 
of  the  cell  becoming  reduced. “ And  as  in  the  activity  ot  the 
muscles,  the  organic  development  taking  place  in  these  nuclear 
substances  pioduces  to.vins,  and  renders  acid  the  chemical 
environment  which,  normally,  and  in  a state  of  repose,  is 

* A.  Caan,  Sitzungsb.  il.  Heid.  d.  Akad.  d.  ]\  itisenach.,  \ IIUI. 

Mmgaro,  Arch.  Hal.  Biol.,  Vol.  XXIV.,  p.  2.78,  189o Ouenini,  tV.trf  . Vol. 
XXXII.,  p.  02,  1899; — ^Mariiie.'<eo,  Engehn.  Arch.  f.  Physiologie,  p.  89,  1S99. 
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alkaline.  It  is  an  actual  disaggregation,  which  is  aggravated 
by  external  stimulations,  such  as  luminous  impressions,^ 
but  above  all  by  fatigue.  Then  the  nervous  reactions  grow 
weaker  and  thought  is  arrested,  inhibited,  poisoned  ; it  has 
even  been  noted  that  the  filaments  of  the  neurones  shrink  and 
retract  themselves,  so  that  the  multiple  connections  thereby 
effected  within  the  brain  are  less  to  be  relied  upon.- 

Rest,  sleep,  food,  that  is  to  say,  above  all,  the  blood,  will 
repair  this  temporary  derangement. 

We  must  wait  for  more  precise  details  as  to  the  delicate 
and  wonderful  process  which  gradually  exhausts  the  nervous 
substance,  giving  rise  lo  an  energy  of  the  highest  order  ; in  the 
meantime  let  us  consider  the  work  peculiar  to  the  mind.  And 
let  us  proclaim  that  it  is  possible  to  organise  this  work,  to 
employ  it  more  effectually,  if  we  resort  to  rational  methods, 
and  to  effect  considerable  savings.  For  under  the  infinite 
variety  of  its  forms  it  necessitates  operations  of  the  same 
nature  as  those  of  physical  activity,  and  as  far  as  the  economy 
of  effort  is  concerned  there  is  nothing  to  distinguish  between 
the  exerci.se  of  the  mental  functions  and  the  exercise  of  the 
muscles. 


! I 


LXXVI.  The  Organisation  of  Intellectual  Work.— But 
the  work  of  the  intellect  is  twofold.  On  the  one  hand  it  consists 
of  finding,  within  itself,  or  seeking  for,  ideas.  On  the  other 
hand,  it  sets  itself  to  organise  these  ideas  ; and  by  this  w'e 
mean  to  utilise  these  ideas  in  an  order  and  according  to  a plan 
which  increases  their  value. 

It  seems  that  the  first  undertaking,  being  comparatively 
easy,  has  less  need  than  the  second  ot  being  improved  and 
reinforced.  The  reserves  of  ideas  wliich  a man  possesses  in 
his  own  brain  are  enriched  by  reading,  conversation,  and  daily 
experience.  Now  this,  too,  demands  a certain  discipline. 
To  read,  or  to  be  read  to,  would  serve  no  essentially  useful  end 
did  not  the  attention  apply  itself  to  the  task  of  extracting  new 


^ Muller  and  Ott,  Pfliiy  Arch.,  Vol.  GUI.,  p.  493,  1904;— Lodato  and  ^liceli, 
Arch.  d.  oftalm.,  VoL  X.,  pp.  294  and  327,  1903. 

^ Trans.  Lab.  Inst.  Solvay,  Brussels,  Vols.  I.  and  II.,  1897-1898. 
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ideas  and  furnishing  the  mind  with  them  ; if  it  did  not  defend 
the  mind,  by  a process  of  rational  elimination,  against  all  the 
incidental  reflections  and  literary  stop-gaps  which  in  general 
inflate  speech  without  enriching  it. 

It  behoves  the  mind,  which  is  endowed  with  the  power  of 
selection,  to  exercise  it  rigorously,  while  expending  upon  it  as 
little  energy  as  possible. 

The  child  should  be  educated  according  lo  these  principles  ; 
he  should  be  taught  to  take  hold  only  of  those  ideas  which 
pre-eminently  concern  a subject,  instead  of  running  after  all 
those  that  glitter,  and  whose  brilliance  often  masks  their 
fragility.  The  schoolmaster  or  lecturer  should  show  him  how 
the  art  of  speaking,  of  speaking  well,  serves  to  give  a striking 
prominence  to  those  mental  conceptions  which  are  worthy  of 
it,  and  lo  keep  them  forcibly  in  view.  I should  never  place 
my  academic  trust  in  a professor  who  was  a bad  speaker,  and 
who,  far  from  exhibiting,  as  in  a show-case,  the  pearls  of 
knowledge,  buried  them  in  the  trash  of  his  obscure  verbiage. 
Moreover,  eloquence  is  genuine  only  when  it  is  ordered.  The 
best  orators  possess  perfectly  organised  brains,  which  they  have 
not  necessarily  overloaded.  Erudition,  of  a widely  miscellan- 
eous character,  would  be  almost  a hindrance  to  them,  while 
by  moving  along  the  same  grooves  of  thought  it  enables  them 
to  discuss  their  subjects  readily,  and  as  though  without 
effort,  training  and  adapting  them  to  a specialised  mode  of 
intellectual  activity. 

We  would  not  have  this  specialisation  exclude  a solid 
general  culture;  on  the  contrary,  it  should  find,  in  such  a 
culture,  its  natural  setting,  the  setting  which  will  best  harmon- 
ise with  it.  But  the  division  of  labour,  which  limits  the 
mental  held,  is  far  less  to  be  feared  than  the  lack  of  mental 
■order  caused  by  excessive  work  undertaken  in  many  directions. 
One  cannot  lose  one’s  way  in  an  alley,  but  the  forest  is 
treacherous. 

Writing,  like  speech,  demands  order  and  method,  so  that  the 
reader  may  easily  assimilate  the  dominant  ideas,  the  only 
ideas  which  count,  and  so  that  his  attention  may  not  be 
<livided.  The  art  of  writing  consists,  therefore,  in  being 
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simple,  direct,  and  accurate,  that  is  to  say,  clear,  and  in  con- 
ceiYing  ideas  clearly  in  order  that  they  may  be  clearly  expressed. 
After  all,  the  writer  is  always  understood  if  his  knowledge  is 
profound  and  methodical.  He  can,  in  the  words  of  IMontaigne, 
teach  Greek  and  Latin  “ without  tears,’'  and  more  particularly 
can  he  teach  the  sciences,  whose  essential  object  is  the  economy 
of  thoiKjlit  by  means  of  demonstrations  and  general  laws. 
How  much  time  and  effort  could  students  of  all  ages  be  sa\ed 
if  they  were  not  only  too  often  compelled  to  re-read  an  author 
several  times  before  understanding  him  ! But  how  many 
writers  could  be  dispensed  with  if  the  reign  of  darkness  in  our 
teaching  centres  were  to  terminate  ! In  our  days  people  would 
not  tolerate  a police  force  which  sliould  forbid  the  circulation 
of  confused  writings,  which  should  forbid  the  vagabondage 
of  ideas  along  the  paths  of  literature.  Nevertheless,  it  is  a 
question  which  deserves  consideration.  A man  does  not  write 
for  himself ; he  addresses  himsell  to  readers  young  and  old, 
and  professes  to  inslnict  them.  I he  problem  is  to  make  suie 
that  this  instruction  is  elaborated  in  such  a way  as  to  cost 
the  recipient  the  minimum  of  efiort,  and  to  afford  him  the 
pleasure  and  advantage  of  shaping  his  consciousness. 

The  facts  which  teach  are  the  important  facts,  because 
they  hold  the  attention  and  are  representative  ; they  are  true 
synibols.  Science  em])loys  such  svmbols  in  order  to  spare  us 
detail  ^ it  seeks  out  numerical  I'clations,  and  then,  letaining 
only  the  general  character  of  these  relations,  it  ignores  the 
figures.  Algebra,  in  this  respict,  etfects  an  intellectual 
economv  bv  means  of  its  notalions  ; the  same  is  tiue  of 
phvsics,  and  every  science  which  has  a mathematical 

character. 

The  logical  characlcr  of  the  relation  between  facts  should 
be  estabiished  with  equal  care.  For  example,  consider  the 
tie  of  causalilij.  It  is  good  that  one  thing  should  involve 
another  as  its  conse([uence.  What  a wonderful  discovery 
is  this  of  the  universal  and  logical  connection  of  the  conciuests 

of  knowledge  ! 

The  most  beautiful  laws  cover  the  widest  domain.  Such 
are  Newton’s  law  of  universal  gravitalion,  and  Descartes’  law  of 
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refraction.  And  they  are  the  most  admirable  because  they 
lessen  the  fatigue  of  the  intellect. 

Lastl}',  other  ideas  take  shape  from  the  experience  of 
life,  lived  in  all  its  fulness,  life  as  it  is,  with  all  its  vicissitudes, 
like  a sea  that  abounds  with  reefs.  Never  drag  the  growing 
youth  wholly  out  of  reach  of  these  difficulties  of  life  ; from 
those  which  are  the  work  of  men  even  less  than  from  those 
which  originate  in  things.  The  egoism  and  the  moral  defects 
which  are.  to  be  encountered  in  our  fellow  men  will  teach  him 
unforgettable  lessons.  But  one  must  take  care  that  he  extri- 
cates himself  from  his  mistakes,  and  fights  his  social  battles, 
by  upright  and  honest  conduct.  Virtue  and  truth  are 
terrible  weapons  which  triumph  over  all  things.  One  must 
learn  to  handle  these  weapons,  and  to  do  so  one  must  serve 
an  apprenticeship  of  action. 

This  is  how  the  task  of  the  mind  should  be  maintained 
and  regulated,  considering  it  from  the  point  of  view  of  its 
regular  alimentation  and  repair.  No  useless  aliments  ; none 
of  bad  quality  ; no  waste  of  cerebral  energy. 

LXNVH. — The  second  point  of  view,  we  noted,  embraces 
the  work  of  the  mind  which  utilises  accumulated  materials.  It 
proceeds  as  follows  ; Do  we  wish  to  reflect  on  a given  subject, 
or  to  solve  a scientific  or  philosophical  problem  ? Graduallv 
our  ideas  awaken,  bestir  themselves,  and  hasten  forward. 
Generally  Ihey  make  their  appearance  in  the  natural  order  : 
that  is  to  say,  singly,  without  connecting  links,  each  deter- 
mined bv  a sort  of  reaction  or  reflex. 

The  natural  order  may  be  compared  to  that  of  a battalion 
on  the  march  when  the  step  is  broken.  The  men  march  “ all 
anyhow,”  diversely  impelled,  given  over  to  hazard.  To  one 
who  sees  them  from  a distance  the  batlalion  is  marching  as  a 
whole,  despite  the  confusion  of  ranks.  But  it  travels  less 
quickly  ; it  presents  less  cohesion  and  soliditv,  and  a less 
smart  appearance  than  a battalion  which  is  keeping  step, 
closing  its  ranks  behind  its  leaders,  and  obeying  their  orders. 

The  same  discipline  ought  to  be  applied  to  the  ideas  which 
travel  in  a host  through  the  whole  region  of  the  mind.  At 
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first,  When  we  are  still  apprentices,  we  allow  them  to  follow 
one  another  sponianeouslij  at  the  point  of  the  pen,  and  when 
not  one  is  left  worth  the  trouble  of  recording  it  in  writing,  we 
subject  them  to  a seYere  examination.  That  idea  will  come 
first  which  in  the  natural  order  was  third  or  fourth,  and  so 
with  the  rest.  All  will  be  classified,  set  in  a hierarchy,  so  that 
the  accessory  shall  not  get  the  better  of  the  principal  idea  ; 
so  that  an  internally  controlled  order  of  succession  shall 
preserve  both  their  intrinsic  value,  and  that  secondary  value, 
which  results  from  the  logical  relation  established  between 

them. 

Such  a concatenation  excludes  prolixity  and  digressions  and 
useless  references.  The  economy  of  words  is  the  saving  of 
time  by  means  which  signally  increase  the  force  of  the  argu- 
ment, and  unfold  it  in  a concentrated  light. 

It  is  the  function  of  practice,  steadily  maintained,  to  impose 
upon  the  mind  this  manner  of  working,  whatever  the  basis 
of  ideas  upon  which  it  is  building.  Habit  finally  renders 
easy,  almost  automatic,  the  classification  of  ideas,  provided 
that  the  alleniion  corrects  at  every  moment  the  deviations 
from  this  discipline.  One  can  understand  that  this  very 
discipline  finds  it  difficult  to  accommodate  itself  to  the  many 
keen  excitations  which,  from  without,  shake  its  ranks,  and 
why  reflection  and  meditation  are  more  efficacious  when  one 
is  able  to  abstract  oneself  from  one’s  surroundings.  A richl> 
furnished  brain  will  elaborate  coherent  and  ordered  ideas  in 
this  “ ivory  tower.”  A scientifu  man,  a director  or  manager 
of  factories,  or  an  engineer,  will  be  able  more  usefully  and 
with  greater  certainty  to  collate  the  items  of  his  acquired 
experience.  We  should  never  follow  the  ” first  impulse  ; 
it  is  the  most  heedless  impulse  ; it  is  a reflex  determined  by 
an  external  action  ; in  spite  of  the  iiopular  saying,  first 
thoughts  ” are  not  “ best  thoughts.”  Let  us  examine  our- 
selves ; let  us  take  time  to  hold  debate  with  ourselves.  Let 
us  accustom  our  cerebral  channels  of  inhibition  and  our 
neurones  of  control  to  the  necessary  task  of  elimination.  The 
man  who,  to  some  extent  by  heredity,  and  largely  by  educa- 
tion, possesses  this  type  of  nervous  organisation,  should  under 
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any  circumstances  hold  an  advantage  over  other  men  ; for  he 
will  display  firmness,  judgement,  and  method.  He  will  be  under- 
stood, and  obeyed,  without  effort. 

We  may  he  equally  certain  that  one  of  the  most  important 
preoccupations  of  the  orator  is  to  cause  the  various  elements 
of  his  speech  to  be  grasped  without  fatigue,  and  in  perfect 
order.  If  his  memorij  is  not  very  reliable  he  has  recourse  to  a 
plan  drafted  in  advance.  The  ornaments  of  speech  which  he 
employs  are  intended  to  capture  the  attention,  to  prepare  it 
to  follow  his  argument,  and  to  sustain  it  to  the  end.  They 
encourage  his  auditors  to  accept  the  intellectual  labour  de- 
manded of  them,  and  they  break  its  continuity.  For  the 
activity  of  the  mind  is  rlujthmicat  and  intermittent,  like  the 
activity  of  the  muscles.  The  psychical  ego  withdraws  itself 
at  intervals  from  the  strain  of  thought,  taking  refuge,  by  prefer- 
ence, on  some  flower-strewn  bank. 

It  would  seem  that  rhetoric  is  born  of  this  twofold  need  of 
order  and  method.  Rhetoric,  then,  we  must  have  ; but  not 
too  much  of  it.  It  would  be  contrary  to  the  scientific  principles 
expounded  in  these  pages  to  reduce  the  domain  of  ideas  in 
favour  of  the  domain  of  words,  even  were  these  the  most 
gorgeous,  the  most  happily  chosen.  The  adornment  of  speech 
is  a means,  not  an  end.  When  I run  through  several  pages 
of  a book  which  is  stuffed  with  fine  phrases,  and  am 
unable  to  discover  in  them  even  a few  fine  ideas,  I quickly 
put  it  aside. 

Happy  is  the  writer  who  can  make  his  reader  think  ! He 
will  never  have  a foolish  reader. 

LXXVHI.  Applications. — In  nature  movement  is  squan- 
dered, because  those  conditions  do  not  exist  which  favour  its 
perfect  utilisation,  either  in  the  physical  order  or  the  intel- 
lectual. Mechanical  science  endeavours  to  achieve  this  per- 
fection in  inanimate  motors  and  living  motors  alike  ; but  it 
will  be  a long  time  before  it  succeeds,  despite  the  great  progress 
effected  in  the  last  few  years. 

As  far  as  thought  is  concerned,  mechanical  science  can  do 
little  more  than  furnish  indications  and  simple  practical  rules, 
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which  enable  us  to  reduce  fatigue,  and  to  give  a true  direction 
to  the  activity  of  the  mind.  This  activity,  as  we  ha^c 
remarked,  “ is  susceptible  of  discipline  and  method.  Great 
intellectual  pow'er  may  manifest  itself  in  disorder  and  uncon- 
trolled overllow.  Such  waste  is  the  result  of  an  unscientific 
education  and  unruly  habits  of  thought.  The  delicate  mechan- 
isms of  the  brain  must  neither  be  exhausted  nor  forced  to  go 

awry.  ^ 

\Ve  should  therefore  reason  out  our  actions,  and  we  should 
sort  out  our  ideas,  arranging  them  clearly,  while  clothing  them, 
if  we  will,  in  the  fashions  of  the  day.  Otherwise  we  run  the  risk 
of  refutation,  or  incomprehension.  In  rehearsing  them  we 
must  give  all  our  attention  to  the  matter,  weighing  every 
word,  considering  each  purpose.  If  the  work  is  of  secondary 
importance,  and  if,  as  a matter  of  professional  necessity,  it 
must  be  rapidly  executed,  it  is  expedient  to  sacrifice  to  haste  a 
little  of  the  intellectual  labour  which  we  should  otherwise 
put  into  the  work,  unless  indeed  it  is  possible  to  reconcile 
haste  and  intellectual  elTort.  Ihe  mental  efiort  is  measured 
by  the  attention,  and  rapidity  of  thought  by  the  number  of 
different  facts  embraced  in  a given  time.  Cerebral  fatigue 

is  the  result  of  these  two  factors. 

To  diminish  this  fatigue,  intellectual  labour  will  be  divided 
into  periods  of  one  or  tw'o  hours,  according  to  its  nature,  and 
these  will  alternate  with  periods  of  comparative  repose  ; that 
is  to  say,  these  intervals  of  time  will  be  devoted  to  moderate 
physical  exercise  : to  w'alking,  games,  or  conversation. 

A mental  effort  of  several  hours’  duration  enfeebles  the 
cellular  reactions,  intoxicates  the  neurones,  and  thereby 
impairs  the  quality  as  well  as  the  order  of  the  ideas  ; the 
writer  hesitates ; the  workman  miscalculates  ; both  have 
suffered  a temporary  depreciation  ; care  must  be  taken  that 

it  does  not  become  aggravated. 

To  devote  two  hours’  attendance  in  class  or  lecture-room  to 

the  exact  sciences,  w'ithout  a few  minutes  interruption,  is  to 
commit  an  error  in  pedagogics  ; for  after  the  first  hour  the 
capacity  to  attend  and  the  ability  to  understand  are  already 

> Le  Moteur  Humain,  p.  590. 
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diminished  ; ^ more  so  in  the  aflernoon  than  in  the  morning. 
But  the  fund  of  nervous  energy  may  be  reconstituted  by  a 
suitable  diet  and  a little  open-air  exercise,  by  cheerful  and 
amusing  entertainments,  by  the  distraction  of  the  senses  of 
sight  and  hearing.  The  monotony  of  work,  whatever  its 
nature,  must  be  broken,  in  conformity  wdth  the  law  of  rhythm 
which  governs  the  organism,  and  which  is  inscribed  in  parti- 
cular upon  the  nerve-centres  of  the  brain.  Obedience  to  this 
law  alone  will  enable  human  activity  to  remain  intact,  regular, 
and  efficacious. 

This  is  why  w'e  should  profit  by  these  wholesome  doctrines  ; 
why  we  should  endeavour  to  adapt  the  efforts  of  the  mind  to 
the  result  to  be  obtained  ; to  co-ordinate  them  ; to  allow 
nothing  to  be  dissipated  in  sheer  wastefulness.  As  this  discip- 
line is  more  closely  followed,  a gradual  diminution  of  fatigue 
is  observed,  though  the  nature  of  the  mental  effort  and  its 
duration  remain  the  same. 

LXXIX. — Such  are  the  novel  principles  which  I wished  to 
expound  ; it  is  not  difficult  to  perceive  their  manifold  applica- 
tions, whether  social  or  industrial.  There  is  one  application, 
however,  which  bears  upon  the  intellectual  development  of 
the  child  ; it  is  the  art  of  teaching,  a subject  which  M.  Marcel 
Prevost  has  vigorously  treated  in  a few  masterly  pages. ^ 
This  eminent  writer  reveals  the  full  educative  value  of  the 
scientific  organisation  of  teaching,  and  the  profound  truths 
which  underlie,  this  organisation.  Neither  Taylor  nor  myself, 
who  had  considered  the  problem  in  all  its  general  bearings,  and 
had  formulated  laws  which  are  in  a sense  universal,  could  so 
usefully  have  grappled  with  a special  subject  such  as  the  art 
of  leaching.  And  while  we  find  a pupil  of  Taylor’s  condemning, 
even  to  excess,  the  use  of  ealigraphic  ornaments ; ® while 
business  men  and  administrative  officials  are,  seemingly  at 
least,  expressing  a certain  desire  for  progress  in  the  direction 
of  a reduced  production  of  superlluous  documents,  I like  to 
recall  this  very  curious  passage  of  iMontaigne's.  “The  letters 


' Bellei,  Rii\  sp.  freniat.  e metL  leg.,  Vol.  XXX,,  p.  J7,  1SM»4. 

“ See  Annah^s  politigues  et  Utteraires,  21  Decemlter,  19K1,  to  29  March,  1914. 
^ (iilbretli.  Motion  Study,  p.  100. 
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of  this  age  consist  more  of  margins  and  prefaces  than  of  matter. 
How  much  rather  would  I compose  two  letteis  than  close  and 
fold  one,  \\ho  always  resign  this  duty  to  some  other,  just  as 
when  the  matter  is  finished  I would  gladly  leave  to  another 
the  duty  of  adding  to  it  those  long  harangues,  tenders,  and 
requests,  for  which  we  find  room  at  the  close,  and  wish  that  some 
new  custom  shoidd  discharge  us  from  it.” 
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CHAPTER  VIII 


APPRENTICESHIP 


LXXX.  Apprenticeship  and  Re-apprenticeship. — Ap- 
prenticeship is  the  decisive  factor  of  national  wealth.  It 
consists  in  the  technical  and  psycho-physiological  shaping  of  the 
man.  Every  profession  necessitates  an  apprenticeship  through 
which  it  becomes  a habitude  of  the  mind  and  the  body,  a 
habitude  which  to  a varying  extent  leaves  its  traces  on  the 
organism  and  creates  inclinations  or  aptitudes. 

Without  resulting  in  a kind  of  instinct,  like  the  instinct  of 
the  bees  to  construct  a comb,  such  hereditarv  tendencies  make 
for  perfection,  for  professional  skill.  The  repetition  of  the  same 
actions,  or  the  same  trains  of  thought,  endows  the  nervous  system 
with  a peculiar  sensibility,  which  facilitates  the  performance  of 
these  actions,  directing  and  guiding  the  thoughts  in  a given 
jiath.  We  are  familiar  with  many  examples  of  this  pro- 
fessional vocation,  whether  of  musicians,  or  men  of  letters, 
or  physicians,  or  soldiers  ; and  in  the  bygone  centuries  the 
professional  vocation  was  a very  great  power  in  the  heart  of 
the  guilds  or  corporations,  and  exerted  sovereign  rule  over  the 
family.  During  the  last  forty  or  fifty  years  all  this  has  been 
completely  changed,  to  the  detriment  of  our  pi-osperity. 
We  have  ceased  to  love  the  calling  for  its  own  sake  ; our  young 
men  are  proud  and  ambitious.  ” Ouvrier  ne  suis,  apprenti  ne 
daigne,  fonctionnaii’e  suis.”  (Workman  I am  not ; I do  not 
deign  to  be  an  appi’entice  ; I am  an  official.)  Men  seek  for 
situations  which  demand  the  least  effort,  yet  I’eward  them 
with  wealth  and  honour.  When  we  perceive  how  ignoi-ance 
and  incompetence  rule  throughout  society  we  feel  discouraged, 
and  we  understand  why  so  many  far-seeing  persons  blame 
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the  apprenticeship  crisis.  For  all,  whatever  the  social  plane 
on  which  they  live,  have  need  of  apprenticeship  ; that  is, 
of  the  lessons  taught  by  things  ; of  the  lessons  of  life,  so 
fertile  in  virtues,  in  ideas,  and  in  the  principles  of  discipline 
and  education. 

The  age  at  which  these  lessons  yield  the  best  fruit  is,  as 
we  have  seen  (§  19),  between  13  and  20  years  for  boys,  and 
for  girls  between  11  and  18  years.  From  the  purely  industrial 
point  of  view  the  army  of  labour,  in  countries  which  have 
adopted  conscription,  should  have  completed  its  apprentice- 
ship at  the  moment  when  it  is  called  to  the  colours.  In  this 
way  it  is  educated  and  instructed  during  the  period  of  its 
physiological  and  moral  growth.  But  to-day  the  wounded 
soldiers  wdio  are  forced  by  the  war  to  change  their  calling, 
the  soldiers  wdio  are  suffering  from  serious  infirmities,  and 
those  wdio  have  suffered  amputation,  are  entering  upon  a fresh 
apprenticeship,  at  the  age  of  25  and  often  of  30  years.  This 
re-apprenticeship  is  obviously  facilitated  by  the  general  experi- 
ence and  mental  maturity  of  these  men  ; it  is  none  the  less 
a very  ticklish  system  of  education,  in  which  we  must  beware 
of  committing  blunders  as  to  the  vocational  direction  to  be 
followed,  and  the  physical  capacities  available.  We  shall 
return  to  this  point  later  on. 

The  organisation  of  apprenticeship,  therefore,  confronts 
us  wdth  a twofold  jiroblem  : a problem  at  once  technical  and 
physiological;  a problem  of  industrial  practice  and  social 
hygiene. 

LXXXI.  The  Present  Condition  of  Apprenticeship. — But 

what,  to  begin  with,  is  the  crisis  of  which  we  hear  people  speak  ? 
What  was  its  origin,  and  what  remedies  have  been  found  for 
it  ? People  complain  that  the  environment  in  which  the 
apprentice  was  formed  no  longer  exists,  precisely  because  the 
professional  guilds  and  corporations  no  longer  have  any  legal 
existence  (in  France  owdng  to  the  Cha])elier  Act,  17  June,  1791), 
so  that  the  atmosphere  of  industry,  the  service  as  journey- 
man, and  the  permanent  guidance  and  advice  necessaiy  to 
the  pupil,  are  tilings  of  the  past.  Ihe  Constituent  Assembly 
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is  said  to  have  destroyed  for  ever  the  genuine  school  of 
technical  education. 

Again,  the  inevitable  increase  of  the  use  of  machinery  and 
mechanical  methods  is  blamed,  for  in  the  factory  or  workshop 
which  works  at  high  pressure  the  artisans,  labourers,  and 
apprentices  are  employed  each  upon  an  elementary  task  which 
forms  part  of  a general  task ; they  are  the  w’heels  of  a 
mechanical  system  in  which  the  functions  are  not  to  any 
extent  interchangeable.  In  this  w’ay  the  w'orker  is  familiar 
with  only  a fragment  of  a trade,  a single  element  of  labour. 
It  is  impossible  for  him  to  grasp  his  calling  as  a w'hole  ; left 
to  himself,  apart  from  the  factory,  he  soon  realises  his  pro- 
found ignorance  ; a worker  in  a watch-making  factoiy,  he 
does  not  know  how  to  make  a watch  ; a shoemaker,  he  is 
incapable  of  making  a slipper.  This  defect  is  real  ; it  is 
inherent  in  any  organisation  founded  upon  the  division  of 
labour ; it  is  therefore  unavoidable. 

Finally,  it  is  said  that  the  relations  between  apprentices 
and  employers,  and  their  rights  and  duties,  are  ill  defined,  in 
the  absence  of  well  devised  laws  and  adequate  means  of  arbitra- 
tion. “ Properly  understood,”  writes  Beignet,  “ the  interest 
of  both  resides  in  the  rapprochement  of  the  two  social  entities, 
the  working  classes  and  the  employing  classes,  by  means  of 
professional  organisations.”  ^ But  this  solves  nothing,  and 
arbitration  or  agreement,  which  are  always  useful,  do  not 
modify  the  conditions  of  apprenticeship. 

In  France,  the  law  passed  on  the  22  February',  1851,  relating 
to  the  contract  of  apprenticeship,  or  indenture,  has  certainly 
accomplished  a good  deal  in  this  connection  ; it  compels  the 
master  to  teach  the  apprentice  the  whole  of  his  trade,  and  not  to 
employ  him  upon  tasks  which  do  not  profit  him  in  the  matter 
of  instruction,  nor  upon  those  which  are  beyond  his  physical 
strength,  or  injurious  to  health  (Article  8).  ” A decision  of 

the  tribunal  of  Limoges,  dated  the  30  January,  1906,  basing 
itself  upon  the  Act  of  1851  and  Articles  1134  and  1137  of  the 
Civil  Code,  ratifies  the  right  of  the  parents  to  break  a con- 
tract and  obtain  damages  for  the  time  lost  if  an  employer 

‘ ^ A.  Beinet,  La  Decadence  de  Vappreniissage  en  France,  p.  18;  Angers,  11)11. 
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employs  an  apprentice  only  upon  a portion  ol  the  work  of  his 
profession,  which  in  no  way  adds  to  his  personal  education. 

‘ Here,’  declares  Dubief,  ‘ is  a serious  guarantee,  a really 
etficacious  protection.’  ” ^ 

The  law  of  1851  is  nevertheless  insuHicient;  although  it 
attacks  possible  abuses,  it  does  not  build  up  a system  of  con- 
trolled education  ; it  does  not  aim  at  the  improved  education 
of  the  apprentice,  and  it  does  not  adduce  any  element  of 
decision  as  to  the  revival  of  trade  organisations,  and  the 
defence  of  the  complete  craft  against  its  subdivision  by  machin- 
erv.  To  legislate  is  not  to  organise. 

LXXXII.  Technical  Schools. — -A  masterpiece  of  organisa- 
tion and  a means  of  serious  control  was  the  creation  of  trade 
schools,  whose  essential  object  is  to  educate  and  instruct,  to 
form  the  mind  and  train  the  hand,  to  teach  all  the  elements, 
theoretical  and  practical,  of  the  trade  or  craft.  “ While  it  is 
true,”  said  5Iillerand,  “ that  in  a few  weeks  a labourer  can  learn 
to  operate  a machine,  it  is  no  less  true,  and  profoundly  true, 
that  the  interest  of  national  ])roduction,  as  of  the  producer 
himself,  and  the  interest  of  the  country,  which  has  need  of 
an  educated  and  intelligent  race,  imperiously  demands  workers 
who  are  familiar  with  the  whole  of  tlieir  calling  ; who  possess 
suHicient  scientific  knowledge  to  understand  the  working  of  a 
machine,  to  repair  it,  and  at  need  to  invent  improvements.” 
(Quoted  by  Uubief  : toe.  cit.,  p.  41.) 

Tliere  were  already  scliools  of  a])prenticeship  in  b ranee, 
even  before  the  Revolution  ; even  in  the  sixteenth  century  ; 
there  was  the  Matson  de  I'abbe  ftlicnne  de  Barbcrc,  founded 
in  IGIO,  in  the  Faubourg  Saint-Antoine  : ajid  tlie  Matson  de 
Trtntte,  still  older,  in  the  district  of  Saint-Denis,  in  whose 
favour  a roval  edict  of  1531  authorised  employers  to  take  two 
apprentices  in  place  of  one,  as  was  the  rule. 

These  establishments  recruited  orphans  more  particnlaiiy  ; 
they  were  workshops  in  whicli  labour,  charity,  and  religion 
were,  mingled  in  curious  proportions.  Kcclesiastics  managed 
them  ; employers  or  master  craltsnien,  who  had  withdrawn 

^ F.  Dubief,  UApprentissage  et  V enseignfmenf  t€chni<[He^  ]).  lo,  Paris,  IblO. 


Fig.  (4. — The  iStocking  Trade  (iSth  century). 

To  the  left,  a Stocking  Maker.  To  the  right,  a Woman  working  the 
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])olice. 


themselves  to  this  pious  environment,  provided  the  instruc- 
tion. 44iey  competed,  with  the  free  employers  and  in  the 
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oniplovs  an  appronlico  only  upon  a portion  ot  the  work  of  his 
])rofossion,  which  in  no  way  adds  to  his  personal  educalion, 
‘Here/  declares  Dubief,  ‘is  a serious  guarantee,  a really 
eflicacious  protection.’  ” ^ 

'rhe  law  of  bSal  is  nevertheless  insullicieiit  ; although  it 
attacks  possilde  abuses,  it  does  not  build  up  a system  of  con- 
trolled education  ; it  does  not  aim  at  the  improved  education 
of  the  apprentice,  and  it  does  not  adduce  any  element  of 
decision  as  to  the  revival  of  trade  organisations,  and  the 
defence  of  the  vomplelc  cra/l  against  its  subdivision  by  machin- 
erv.  'I'o  legislate  is  not  to  organise. 

LXXXIl.  Technical  Schools.  -A  masterpiece  of  organisa- 
tion and  a means  of  serious  control  was  the  creation  ol  trade 
schools,  whose  essential  object  is  to  educate  and  instruct,  to 
form  the  mind  and  train  the  hand,  to  teach  all  the  elements, 
theoretical  and  practical,  of  the  trade  or  cratt.  “ AMiile  it  is 
true,”  said  Millerand,  “ that  in  a few  weeks  a labourer  can  learn 
to  operate  a machine,  it  is  no  less  true,  and  ])rofoundly  true, 
that  the  interest  of  national  production,  as  of  the  producer 
liimself,  and  the  interest  of  the  country,  which  has  need  of 
an  educated  and  intelligent  I'ace,  imperiously  demands  woikeis 
who  are  familiar  with  the  whole  of  their  calling  ; who  possess 
sullicient  scientilic  knowledge  to  understand  the  working  ol  a 
machine,  to  repair  it,  and  at  need  to  invent  improvements. 
(Quoted  by  Dubief;  /or.  r//.,  p.  11.) 

There  were  already  schools  ol  a|ii)renliceship  in  h ranee, 
even  before  the  lievolulion  ; e\en  in  the  sixteenth  century; 
there  was  the  Maison  dr  I'abbr  fllivnnr  dr  Ihirbrrc,  founded 
in  H)  10,  in  the  Taubourg  Saint-Antoine  ; and  the  Maison  de 
1 1'inilc^  still  olde!',  in  the  district  ol  Saint-Denis,  in  whose 
favour  a roval  edict  of  1.).‘>1  authorised  employers  to  take  two 
apprentices  in  place  of  one,  as  was  the  rule. 

These  establishments  recruited  or]dums  more  particularly; 
they  were  worksho|>s  in  which  laboiu*,  charily,  and  religioji 
were  mingled  in  curious  proportions.  l*A'clesiaslics  managed 
them  ; emplovers  or  master  craftsmen,  who  had  withdrawn 

' i*'.  Dubief,  L'  Ajfpnnti'isafjc  ft  1 1 nseujnfmfvt  ifchntqtte,  ]>.  !•>,  Paris,  liUO. 
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brigantines,  wliich  arc  conveyed  to  foreign  countries  ; weavers 
who  make  the  old  style  of  gold  and  silk  laces,  and  others 
who  make  cloths  of  gold  and  silk  (Fig.  64)  ; makers  of  pins 
and  needles  (Fig.  65) ; purse-makers,  makers  of  cards  or 
combs  for  carding  ; and  other  trades  practised  in  France.”  ^ 

But  thev  did  little  work  in  these  establishments,  in  order 
that  they  might  the  oftener  sing  psalms. 

The  intention  was  none  the  less  laudable  ; and  I recall  this 
attempt  in  order  to  show  that  the  training  of  the  apprentice 
should  be  purely  professional.  If  these  charitable  establish- 
ments had  some  excuse  for  giving  precedence  to  religious 
exercises,  the  corporations  of  those  days,  and  the  employers, 
committed  an  abuse  in  making  the  pupil  a domestic  servant. 
“ The  apprentice  was  in  fact  the  chattel  of  the  employer,” 
says  Dubief. 

The  schools,  on  the  other  hand,  give  the  apprentice  liberty, 
but  a methodical  libertij.  The  Ministry  of  Commerce  has 
inbreathed  into  them  the  spirit  of  the  University  ; not,  as 
Bourrey  justly  feared,^  in  order  to  confound  the  methods  of 
one  governmental  department  with  those  of  another,  nor  to 
allow  one  public  office  to  encroach  upon  another,  but,  beyond 
all  doubt,  the  better  to  foster  technical  education  ; to  rekindle 
it  and  light  its  path  with  all  the  fires  of  human  knowledge. 
The  choice  of  teachers  is  a guarantee  against  abuses  ; it 
is  for  them  to  apportion  the  general  instruction,  without 
which  all  special  instruction  remains  obscure  and  limited  ; 
it  is  for  them  to  proportion  and  harmonise,  to  select  and 
adapt.  Such  should  be  the  spirit  of  the  curricula  of  these 
schools. 

At  the  present  time  there  are  in  France  80  primary  pro- 
fessional schools,®  of  which  fifteen  are  in  the  city  of  Paris. 
Private  schools  and  State  schools  together,  they  undertake 
the  instruction  of  25,000  pupils  ; they  are  assisted  by  the 

* M.  Fosseyeux,  Les  Maisons  d apprentissage  sons  Vancien  regime,  Paris,  1913. 

^ G.  Bourrey,  Le  Prohlhne  deV apprentissage  ei  enseignement  technique,  Paris, 
1913. 

^ I take  these  figures  from  M.  Barbe,  La  question  de  V apprentissage  { Ligue 
frangaise  de  Venseignement),  Paris,  1913. 
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Socieie  pinlotechnujue  de  Paris  (7,568  pupils),  the  Social  d'En- 
seignemenl  professionel  du  Rhone,  at  Lyons  (5,632  pupils),  and 
the  Cows  indaslriels  et  cornmerciaiix  dii  Nord,  the  offspring  of 
the  admirable  efforts  of  M.  Labbe  (4,730  pupils),  so  that 
125,000  young  people  are  receiving  the  sort  of  education  which 
is  of  use  to  them,  costing  the  budget  (in  1907)  7 million  francs 
(£280,000),  or  56  francs  (£2  5s.)  per  pupil.  However,  there 
remain  more  than  800,000  possible  pupils,  not  yet  18  years  of 
age,  who  can  find  no  place  in  these  centres  of  thought  and 
action.  The  partisans  of  trade  schools  accordingly  declare 
that  one  must  persevere  in  the  effort  and  consent  to  an  increased 
budgetary  expenditure.  But  what  is  the  character  of  the 
method  for  which  so  great  an  expansion  is  desired  ? We  have, 
according  to  M.  Barbe,  ” the  introduction  of  the  workshop  into 
the  school,  the  intimate  union  of  theory  and  practice,  and  their 
collaboration  by  means  of  the  workshop  and  the  business  office, 
with  the  object  of  rendering  our  pupils  immediately  serviceable, 
on  leaving,  in  the  factory  or  the  warehouse  ” (Loc.  cit.,  p.  16). 

This  collaboration  is  not  effected  in  the  same  fashion  in  all 
countries.  In  Germanv,  where  there  are  more  than  700,000 
pupils,  each  of  whom  costs  50  francs,  the  apprentice  schools, 
the  Forthildungs-Schulen  (for  instance,  the  School  of  ^Mechanical 
Construction  at  Hagen,  in  Prussia,  with  240  pupils),  are 
organised  in  such  a way  as  to  complete  the  work  oi  the  factor^' ; 
but  the  latter  must  come  first,  and,  so  to  speak,  must  form  the 
young  worker.  The  trade  guilds  have  a real  existence,  and 
the  wholly  practical  apprenticeship  which  they  give  is  necessary 
in  order  that  the  worker  may  obtain  the  authorisation  to 
practise  his  craft ; and,  before  this,  in  order  that  he  may 
attend  the  classes  at  the  school.  The  training  of  the  body 
takes  precedence  of  the  training  of  the  mind  ; and  economic 
needs  take  precedence  of  intellectual  needs.  The  German 
brain  is  a wheel  in  the  German  industrial  system,  driven  by 
that  system  in  the  direction  and  at  the  speed  which  it  finds 
convenient.  The  schools  are  created  for  the  factories,  and 
they  increase  their  numbers  and  their  specialities  according 
to  the  local  needs. ^ The  classes  are  graduated  and  selected 
'Curt  Kolilman,  Fahrikschuleyx,  p.  6u-72,  Berlin,  1911. 
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with  a view  to  producing  intelligences  of  a certain  given  orienta- 
tion, but  practical  instruction  always  comes  before  any  other, 
and  takes  up  more  of  the  apprentices’  time.  The  love  of  the 
useful  is  ollicially  stimulated  throughout  Germany. 

The  two  contrary  examples  of  France  and  Germany  ai’e 
characteristic  of  the  complex  of  ideas  which  in  other 
countries  have  been  applied  with  numerous  variations  ; the 
French  methods  have  been  applied  most  frequently,  and  the 
trade  school  of  the  French  type  assures  the  pupil  in  the  first 
place  of  a general  technical  education,  without  losing  touch 
with  practice,  or  even  with  external  factories  and  workshops. 

To  sum  up,  the  present  condition  of  apprenticeship  is  this  : 
on  the  one.  hand  the  Government  is  endeavouring  to  create 
an  organisation,  if  one  niav  call  it  such,  of  which  it  has  hardlv 
determined  the  plan  ; the  industrial  world,  ou  the  other  hand, 
is  animated  by  the  desire  for  agreement  and  action,  now 
following  the  light  of  economic  science,  now  halting  on  the 
threshold  of  social  reform.  Desires  and  intentions  are  here, 
generous  or  exacerbated,  hut  they  are  dreams  which  vanish 
in  the  daylight  of  reality.  Apprenticeship  requires  a scientitic 
method  : principles,  that  is,  which  leave  nothing  to  hazard, 
and  which  are  suflicient  in  themselves.  This  we  shall  endeavour 
brielly  to  explain  in  detail. 

LXXXIII.  The  Organisation  of  the  Apprentice  System. 
— The  organisation  of  apprenticeship  is  a task  which  must 
be  undertaken  by  and  in  the  trade  school.  A natural  pro- 
longation of  the  primary  school,  it  receives  the  child  under  the 
conditions  most  favourable  for  teaching  him  a trade.  By  the 
age  of  13  there  will  have  been  time  to  teach  him  the  elements 
of  his  own  language,  mathematics,  and  the  physical  and 
natural  sciences.  This  indispensable  knowledge  cannot  have 
created  in  him  a vocation  of  any  kind.  He  is  therefore  fully 
prepared  to  receive  a special  course  of  instruction,  a theoretical 
and  practical  training,  devised  with  a \iew  to  his  chosen  trade. 

I would  say  that  a theoretical  training  is  necessary;  it 
facilitates  apprenticeship,  by  explaining  it ; it  sheds  its  light 
over  all  the  details  of  work,  revealing  its  defects  and  qualities, 
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without  which  progress  would  be  slow,  and  the  linishing  touches 
difficult  or  impossible  ; above  all,  it  develops  the  spirit  of 
invention,  a love  of  line  workmanship,  and  a deep-seated 
love  of  the  craft  or  profession.  Its  imprint  upon  the  mind 
of  the  worker  is  indelible  ; and  the  worker,  no  less  than  the 
scientist,  rejoices  to  perceive  that  experience  responds  exactly 
to  the  predictions  of  theory,  and  that  genuine  art  is  governed 
by  geometry. 

In  modern  society  the  future  is  to  the  best  educated  ; no 
one,  I trust,  would  now  repeat  the  heresy  of  Voltaire,  “ that 
only  one  pen  is  needed  for  two  or  three  bundled  hands.”  Pens 
such  as  Voltaire’s,  assuredly  ; but  the  pens  of  the  workers 
must  be  innumerable.  And  when  the  lessons  of  science  are 
conceived  in  such  a fashion  that  they  give  the  apprentice 
a reasoned  knowledge  of  his  calling,  extend  his  horizon,  and 
refine  his  intelligence,  it  would  be  folly  to  dispute  their  prime 
utility.  There  is  no  example  of  a workman  having  regretted 
these  lessons,  and  there  are  many  examples  to  the  contrary. 
Taylor,  from  being  a mere  porter,  became  an  engineer  by  dint 
of  educating  himself,  by  paying  excellent  teachers.  I would 
wager  that  he.  would  rather  have  lost  his  immense  fortune  than 
his  theoretical  knowledge. 

The  lessons  which  the  child  has  conned  on  his  bench  at 
school  are  engraved  in  his  memory,  and  guide  him  all  his  life ; 
he  will  return  to  them,  will  consult  his  notes  or  text-books,  to 
correct  his  judgement  and  guide  his  actions,  for  he  has  tested 
this  teaching,  has  practised  it,  and  has  confidence  in  it.  How 
many  of  us  return,  at  times,  to  the  reading  of  old  lessons, 
piously  preserved,  and  rejoice  that  the  yellow  paper  still  speaks 
the  incomparable  language  of  our  masters  ! 

From  the  primary  school  to  the  trade  school  there  must  be 
continuity  along  the  paths  of  specialisation  and  gradation. 
The  nature  of  the  trade  determines  the  choice  of  subjects  to  be 


taught,  and  the  proportions  to  be  obseiwed  among  these  sub- 
jects ; the  apprentice  who  is  to  become  a watchmaker  or  an 
instrument-maker  requires  a better  knowledge  of  drawing,  more 
exact  science,  more  mensuration  ; the  French  6cole  de  Cluses 
provides  an  admirable  example  of  this  mode  of  instruction. 
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But  it  will  be  realised  that  more  nalural  science,  more  agri- 
cultural science,  and  more  chemistry- —and  all  adapted  to  the 
local  needs— will  be  required  in  the  schools  which  prepare  the 
future,  tillers  of  the  soil — that  soil  wliich,  owing  to  mistaken 
ideas,  is  only  too  often  deserted  by  our  workeis.  It  is  not 
my  object  to  say  more  of  this  here  ; 1 leave  it  to  the  qualified 
teachers  to  tackle  the  prejudiced,  and  to  inculcate  another  love 
of  the  fields  and  harvests  than  that  expressed  in  the  Georgies. 

It  has  been  said  that  the  technical  school  produces  theorists  ; 
that  it  arrests  the  impulse  of  the  individual  mind.  This  is  a 
ridiculous  claim.  Those  who  slander  it  would  fain  be  theorists 
themselves  ; knowledge  did  not  come  to  them  so  young,  and 
in  a spirit  of  jealousy  and  vexation  they  protest  against  “ royal 
roads.”  “ Toil  as  we  did  : you  must  look  for  everything  to  the 
long  and  painful  experience  of  life,”  they  seem  to  say  to  these 
apprentices  of  fourteen  years.  These  reproaches  usually 
proceed  from  the  working-classes.  But  I know  workers  who 
think  differently.  And  how  many  seek,  during  the  evening, 
to  acquire  a few  rudiments  of  theory,  despite  the  fatigue  of  the 
day ! These  afford  a sufficient  reply  to  the  others,  and  there 

is  no  appeal  against  their  verdict. 

As  for  the  individual  consciousness  and  initiative,  they  are 
imperfectly  developed  at  the  age  of  which  we  are  speaking , 
but  after  the  age  of  leaving  school  they  will  develop  normally, 
in  a lucid  and  uniform  manner ; life  will  very  soon  complete 
their  development.  I have  already  explained  that  we  are 
brought  up  against  a physiological  and  psychological  impos- 
sibility if  we  seek  to  transform  the  period  during  which  the 
human  mind  absorbs  into  a period  of  restitution  and  creation  ; 
it  is  even  imprudent  to  seek  to  hasten  the  latter  too  far,  as 
Ostwald  has  many  times  warned  us.  For  nature  evolves  by 
slow  transitions  ; if  her  movements  are  hurried  a loss  of  vital 
force  results,  which  is  a more  serious  affair  in  the  living 
organism  than  in  a machine. 

I claim,  moreover,  that  the  trade  school  has  a twofold 
superiority  over  the  workshop,  whose  defenders  are  still 
numerous  ; I mean,  of  course,  over  the  workshop  alone. 
Its  scientific  superiority  is  obvious.  The  workman,  while 


0 


APPRENTICESHIP 


193 


he  believes  that  he  is  teaching  the  apprentice  the  whole  of 
his  craft,  is  himself  making  no  progress.  From  worker  to 
worker  the  chain  is  prolonged  and  closed,  and  not  the  smallest 
link  of  science  is  added  to  it.  It  is  a vicious  circle.  The 
horizon  is  confined  to  established  facts,  while  without  the 
skies  are  flooded  with  light.  The  teachers,  on  the  contrary, 
grow  more  learned  from  generation  to  generation ; they 
play  their  part  continually  in  the  progress  of  the  world,  and 
their  pupils  profit  thereby.  Modern  industiy  demands  this 
constant  development  of  the  education  given  to  the.  workers. 

And  there  is,  moreover,  a moral  superiority  to  be  obtained 
by  training  the  apprentice  in  the  schools,  which  is  all  the 
more  appreciable  in  that  we  are  dealing  with  children,  on 
whom  bad  examples,  and  unconsidered  words  and  actions, 
exert  a more  pernicious  influence.  In  this  respect  I cannot  do 
better  than  quote  the  remarks  made  by  Liebaut,  more  than 
thirty  years  ago,  in  a report  read  before  the  Chambre  syndicate 
des  mecaniciens  : “ Everyone  is  familiar,”  he  said,  “ with  the 
dismal  fruits  of  apprenticeship  in  the  workshop  ; from  the 
educational  point  of  view  it  too  often  produces  idleness,  and 
an  unreflecting  and  almost  always  unjust  hatred  of  the 
employer,  the  foreman,  and  everyone  who  gives  orders  and 
has  the  right  to  expect  obedience,  together  with  disastrous 
habits  of  drunkenness  and  debauchery  ; from  the  professional 
and  educational  point  of  view  the  apprenticeship  is  entirely 
lacking  in  method,  and  is  accomplished  only  in  a spirit  of 
servile  imitation  and  routine.” 
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LXXXIV.  The  Technique  of  Apprenticeship. — In  order 
that  the  school  may  give  this  professional  instruction  as  a 
whole,  the  advantages  of  theoretical  education  and  the  environ- 
ment which  it  affords  the  apprentice  are  not  sufficient ; it 
must  assure  him  of  the  practical  training  and  instruction 
which  is  offered  by  the  workshop  itself. 

The  practice  of  a trade  or  craft  is  incontestably  an  art,  but 
art  is  always  the  expression  of  a methodical,  disciplined  effort ; 
that  is,  of  a science  which  has  its  own  laws.  The  arts  and 
crafts  are  applied  sciences,  whose  eternal  beauties,  in  bygone 


191  TIIK  l>llVSI()UO(.V  OF  INIHSTIUAL  OBGAMSATION 

n^es,  ciichaiilcd  tlu'  iinagiiuiliou  to  sucli  a llial  il  erected 

tlieiu  iiilo  Olympian  divinilies.  The  worker  wlio  ])ossesses 
an  absolute  grasp  of  his  craft  is  the  ecjual  of  the  scholai’. 

The  principles  which  should  guide  the  practical  a])])rentice- 
ship  are  of  a phiiHwhHjical  and  mechanical  order.  In  the  fir.st 
place,  the  teacher  will  carefully  e.xamiue  the  aptitudes  of  his 
]iupil  ; he  will  not  leave  him  to  mope  at  the  lathe  if  he  will 
oidy  be  hap])y  when  handling  the  plough  ; he  will  see  that 
weakly  subjects  do  not  adopt  callings  recpiiring  violent 
exertion;  all  the  lactors,  in  a word,  which  we  have  alicady 
defined  will  be  considei'ed,  in  order  that  the  lutuie  voikeis 
shall  be  well  e([uipped  when  the\  begin  to  jiraclise  their 
callings.  Mere  the  intervention  of  the  teacher  will  lie  of  the 
greatest  use  ; he  will  advise  the  pujiil  s ])arents,  and  place 
his  information  before  the  director  of  the  technical  school. 
This  information  should  be  entered  in  the  pupil’s  school 
report-book;  it  will  help  to  illuminate  the  perceptions  of 
parents  and  teachers.  Hut  I have  already  explained  how  lai 
these  indications  should  receive  attention,  and  what  restric- 
tions should  always  be  applied  to  them.  Xeverlheless,  they 
are  of  very  great  imi)ortance. 

The  apprentices  will  be  taught  wiial  hijcfienic  prccaiilions 
they  should  take  to  safeguard  their  health,  according  to  the 
nature  of  their  w'ork,  and  whal  accidents  are  to  be  guarded 
against.  They  will  therefore,  be  on  their  guard. 

They  will  be  provided  with  elementary  manuals  of  a nature 
to  stimulate  their  love,  of  their  ci'att,  to  make  them  take  a 
pride  in  it,  to  realise  its  nobility,  d he  traditions  of  the  guilds 
and  unions  must  be  replacctl  by  the  fruittul  amlhtion  to  become 
model  w’orkers,  learned  in  their  craft,  following  and  even 
hastening  the  march  of  progress.  In  creating  this  state  of 
mind  we  shall  have  solved  the  wiiole  psychological  ])roblejn 
of  apprenticeship,  wiiich  so  happily  completes  the  i)hysiologi- 
cal  problem. 

LXXXV.  The  Education  of  the  Movements.— But  we 
must  resort  to  the  graphic  method,  in  its  innumerable  applica- 
tions, as  I have  explained  it  by  the  example  of  the  apprentice 
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Appicntice  (Fitter)  tiling:  Metal.  To  tlie  left,  the  Correet  Attitude;  to  the 
riglit,  tlie  liiconeet.  (Tiie  Sequence  of  the  Pictures  is  from  Top  to  Bolttmu) 
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1‘iK’luui lc<l  llu*  inuii^iiutlion  to  surli  ii  ])oiiit  lluil  it  oioclcd 
tliuii  into  ()lyni))i:m  divinilii's.  'I'lu*  worki'i-  who  i)()sso.sses 
:in  ahsoliiU'  ornsp  of  liis  ci'an  is  Ihc  cfjual  ol  llio  scholar. 

Tlic.  i)niuii)lcs  wliich  shouUl  the  practical  apprentice- 

ship are  of  a pluisioltxjical  and  mechanical  order.  In  the  lirsl 
|)lace.  the  teacher  will  carefully  examine  the  aptitudes  of  his 
]uipil  ; he  will  not  leave  him  to  mope  at  the  lathe  if  he  will 
onlv  be  happv  Avheii  handling  the  plough  ; he  will  see  that 
weakly  subjects  do  not  ado|)t  callings  re(puring  violent 
exertion  ; all  the  lactors,  in  a worth  which  we  ha\e  alieady 
(lefmeil  will  lie  considered,  in  oroei  that  the  tuture  voikei-s 
shall  be  well  etpupped  when  they  begin  to  i)ractisi‘.  their 
callings.  Here  the  intervention  of  the  teacher  will  be  of  the 
greatest  use;  he  will  advise  the  pupil  s parents,  and  phue 
his  information  before  the  directoi'  ol  the  technical  school. 
Phis  information  should  be  eutei’t'd  iu  Ihe  pupils  school 
reporl-book  ; it  will  help  to  illuminate  the  ])erceptions  of 
parents  and  teachers.  Hut  1 have  already  explainiMl  how  lai 
these,  indications  should  receive  atlentiou,  and  what  lestiir- 
tions  should  always  be  applied  to  I hem.  Nevertheless,  they 
are  of  very  great  importance. 

The  apprentices  will  be  taught  what  lujtjienic  precaulions 
they  should  take  to  saleguard  their  health,  according  to  the. 
nature  of  their  work,  and  what  accidents  are  to  be  guarded 
against.  Thev  will  tberefore  be  on  their  guard. 

They  will  he  provided  with  elemenlary  numiials  ot  a nature 
to  sliiuulale  Iheir  love,  of  tlieir  eralU  to  make  llumi  lake  a 
])i'ide  in  il,  lo  realise  ils  nol)ilily.  the  traditions  ol  the  guilds 
and  unions  must  he  I’eplaeed  l)y  the  liaiittul  and)ition  lo  heeome 
model  workers,  learned  in  their  eralt,  lollowing  and  even 
hastening  the  inareh  of  pi’ogress.  In  creating  this  slate  of 
mind  we  shall  have  solved  the  whole  |)sychologicat  pi'ohleiu 
of  appreuticeshii),  which  so  happily  completes  the  pliysiologi- 
cal  prohlem. 

LXXXV.  The  Education  of  tlie  Movements.— But  we 
must  resort  to  tlic  graidiic  mellmd,  m its  inmmierahle  api)lica- 
tious,  as  I have  explained  il  hy  the  exami)le  of  the  apprentice 
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right,  the  liH-orrcet.  iTne  Scijnence  of  tlie  Fictiires  is  from  'roji  to  H >ttoin.) 
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using  the  file  (LIII),  for  the  experimenlal  lessons  which  will 
instruct  and  discipline  the  young  worker,  and  will  fulfil,  better 
than  speech  or  writing,  the  office  of  correcting  the  beginner’s 
faults,  correcting  his  mistakes,  and  securing  his  attention. 
Dynainographic  tracings,  which  can  easily  be  obtained  with  a 
little  ingenuity,  should  constantly  be  exhibited  to  the  jnipils, 
so  that  they  may  judge  for  themselves  of  their  irregularity,  in 
the  case  of  a beginner,  or  their  regularity  and  uniformity  in 
the  case  of  a skilful  worker.  A few  experiments  will  interest 
the  pupils  intensely,  arousing  their  always  lively  curiosity, 
and  teaching  them  the  full  value  of  the  facts.  As  they  progress 
in  the  technique  of  their  craft  they  will  discover  that  theii 
movements  are  more  educated  in  ([uality,  and  better  adapted 

to  their  work. 

The  education  of  the  nwveinents  is  necessary  in  order  to 
render  them  effective,  to  increase  their  output,  and  to  diminish 
fatigue.  The  number  and  rapidity  of  t liese  movements,  and  even 
the  eiTort  which  they  develop,  vary  according  to  the  individual, 
and  the  nature  of  his  work.  It  will  be  expedient  to  determine 
these  movements  in  the  case  of  model  workers,  highly  skilled 
in  their  craft,  and  to  exptain  to  the  ])upils  the  graphic  records 
of  normal  work.  Disorderly  and  useless  movements,  vhich 
inevitablv  give  rise  to  premature  fatigue,  will  be  lepioouced 
by  means  of  the  cinematograph,  exaggerating  them  if  need  be. 
Films  which  in  this  manner  display  the  awkwardness  of 
beginners,  of  the  intirm,  and  esiiecially  of  lho.se  who  have 
suffered  amputation,  and  are  provided  with  arlilicial  arms, 
will  be.  of  considerable  value  for  purposes  of  apprenticeship 
and  re-education.  In  view  ol  this  teaching  by  example  a 
few  characteristic  films,  relating  to  the  practice  of  the  principal 
handicrafts  (Fig.  hG),  will  be  preserved  in  the  schools. 

The  conditions  of  apprenticeshii>  must  then  be  adjusted 
in  such  a way  as  gradually  to  increase  the  ontiiut  to  its  maxi- 
mum limit,  while  the  workshop  must  be  so  organised  as  to 
reduce  loss  of  time  and  the  causes  of  fatigue  to  the  minimum. 
But  do  not  mistake  me.  The  object  ol  economy  of  lime  is  not 
merelv  an  increased  production.  Before  alt,  it  is  intended  to 
give  the  worker  habits  of  order,  and  to  contirm  the  idea  that  we 
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should  be  more  useful,  to  others  as  to  ourselves,  if  we  avoided 
all  aimless  muscular  etforts,  if  we  ke])t  a watch  upon  the  profit- 
able expenditure  of  our  physical  energies. 

From  these  methodical  conditions  of  work  a greater  etriciency 
and  a more  intensive  production  are  obviously  to  be  obtained. 

Under  such  conditions  the  rules  relating  to  rest  and  fatigue, 
periods  of  distraction  and  instruction,  and  the  continued 
duration  of  practical  lessons,  will  serve  to  protect  the  health. 

Whatever  the  trade,  it  is  the  duty  of  modern  apprentice- 
ship to  give  it  a scientific  organisation,  to  select  and  form  the 
apprentices  according  to  their  aptitudes,  and  to  ensure  the 
normal  exercise,  of  human  activity. 

LXXXVI.  Mechanical  Considerations. — From  the  me- 
chanical ])oint  of  view,  there  is,  as  we  have  observed,  a certain 
effort  and  a certain  pace,  which  are  conducive  to  the  largest 
output.  Once  more  it  is  the  graphic  method  which  reveals 
these,  thereby  informing  us  what  tasks  must  be  forbidden  to  the 
apprentice  if  his  age  or  strength  make  them  inadvisable.  The 
skill  of  a worker’s  movements  certainly  diminishes  fatigue  ; 
but  this  is  not  enough,  and  there  is  in  the  elementary  opera- 
tions of  labour,  the  wherewithal  to  occupy  every  worker 
usefully,  without  exceeding  the  sum  of  his  capacities. 

There  is  another  thing  to  be  considered  : the  choice  of  tools 
should  be  adajited  not  only  to  the  nature  of  the  wmrk,  but  also 
to  the  age  of  the  worker,  so  that  eventually  an  optimum 
eguipmenl  may  be  put  together,  with  which  the  workshop 
will  provide  the  finished  worker.  At  the  close  of  his  apprentice- 
ship the  young  man  ought  to  be  practised  in  the  handling  of 
this  equipment,  in  respect  of  which  his  mind  has  been 
disciplined  as  well  as  his  body  ; every  detail  of  the  practice  of 
his  craft,  every  form  of  mechanical  agency,  and  every  elemen- 
tary operation,  will  be  deeply  engraven  in  his  memory.  He 
will  not  be  made  to  study  one  portion  of  his  craft  until  the 
preceding  portion  has  been  learned,  and  until  he  can  practise 
it,  to  perfection.  To  exhibit  undue  haste  in  the  matter  of 
instruction  is  to  waste  time.  The  training  of  a good  workman 
requires  several  years  ; he  follows  many  masters,  endeavours 
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to  profit  bv  circumstances,  and  slicks  to  liis  task  with  pei- 
severance.  The  pari  of  science  is  to  diminish  the  period 
required  bv  exclusive  practice  in  the  workshop. 

It  is  not  possible  for  the  apprentice  lo  become  familiar  with 
all  the  operations  and  processes  of  the  workshop  or  factory. 
Modern  industry  does  not  demand  such  a mental  effort  ; 
which  would,  for  that  matter,  be  all  but  impossible. 

The  law  of  the  dwisiun  of  labour,  which  rules  the  living 
organism,  is  no  less  compulsive  in  the  industrial  organism, 
so  that  every  worker,  according  to  the  measure  of  his  capacities, 
fulfils  a given  function,  and  has  no  need  to  understand  another. 

I should,  however,  like  to  see  a general  education  giving  the 
worker  a general  conception  of  his  profession  ; of  the  working 
of  the  successive  organs  of  transmission,  from  the  manager’s 
office  to  the  work-bench  ; so  that  he  would  not  be  launched 
into  the  life  of  action  which  lies  before  him  without  rudder 
or  compass.  It  is  evident  that  an  employer  who  applies  him- 
self to  one  single  speciality  will  be  incapable  of  giving  this 
complete  training.  The  industrial  college  is  therefore  the 
great  organiser  of  economic  prospirity,  provided  that  it 
proceeds  by  the  inculcation  of  theory  and  practice  both,  the 
latter  coming  after  theory. 

It  is  perhaps  as  well  to  remember  that  mathematics  and 
geometiy,  indispensable  lo  the  mechanic,  present  gaps  which 
only  experiment  is  able  lo  fill.  For  example,  the  theory  of 
friction,  of  moving  bodies,  is  still  far  from  scpiaring  with  the 
practical  data,  owing  lo  the  complexity  of  the  factors  which 
liave  to  be  embraced  by  an  exlremely  exact  science,  and  the 
physical  properties  of  bodies.  In  very  simple  terms  tbe 
teacher  will  explain  to  his  pupils  the  inniieiice  of  physical 
factors,  such  as  the  temper  of  inelals,  their  chemical  composition, 
resistance,  form,  etc.,  finding  inspiration  in  the  expeiimental 
work  performed  in  our  higher  schools  and  industrial  institutes. 
Facts  are  needed,  plenty  of  facts,  illumined  by  a minimum  ol 

science. 

The  suitable  arrangement  of  workshops  and  factories  and 
the  division  of  labour  wall  enable  the  apprentice  to  apply  him- 
self to  repeating  the  same  detail  of  work  with  increasing  skill. 
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with  a greater  economv  of  time  and  effort  ; he  wall  seek,  if  he  is 
intelligent,  to  adapt  himself  more  perfectly  to  the  conditions  of 
labour  whose  great  importance  has  been  proved  to  him.  I 
will  even  go  so  far  as  to  say  that  his  work  will  cost  him  less 
and  less  as  regards  the  effort  of  attention,  and  wall  become 
alnmst  aiilomalic.  The  worker  for  wdiom  the  execution  of 
a task  is  thus  facilitated,  by  habit,  will  be  able  to  husband 
his  intellectual  efforts  for  fine  work,  for  the  delicate  manipula- 
tions that  unquestionably  make  the  reputation  of  a factoiy. 

Quality  and  quantity  : we  need  them  both,  despite  the 

scarcity  of  skilled  labour  and  the  incoherence  of  technical 

«/ 

methods.  The  organisation  of  the  apprentice  system,  and 
of  workshops,  on  a scientific  basis,  is  imposed  upon  us  by  our 
regard  for  our  future  and  our  reputation. 


LXXXVll.  The  Duration  of  Apprenticeship.  The 
Workshop. — The  duration  of  the  period  of  apprenticeship  is 
obvionsl}'  a difficulty  and  a source  of  misunderstanding. 
Formerly  people  were  lacking  in  the  sense  of  well-being  ; 
permanent  poverty^  ignorance,  and  the  lack  of  liberty  had 
atrophied  it.  Work,  moreover,  was  ill-paid.  Further,  the 
majority  of  the  merchant  class  took  as  apprentices  their 
own  children,  wdio  succeeded  them  in  the  business.  A regula- 
tion introduced  in  1673  ])ruvided  that  on  the  completion  of 
the  17th  year  the  period  of  apprenticeship  should  under 
these  conditions  be  regarded  as  completed.  The  father  was 
thus  assisted  in  his  task  by  his  children 

But  w'hen  it  wais  necessary  to  .indenture  the  apprentice 
with  a master  the  family  no  longer  received  any  assistance  ; 
they  could  expect  nothing  from  their  children,  but  must 
endui’c  their  penury  until  the  end  of  the  term  of  apprentice- 
ship, w'hich  lasted  from  three  to  eight  years. 

According  to  the  statutes  in  force  in  France,  the  period  of 
a])prenticeship  was  as  follows  : 

Three  years  for  drapers  and  hose-jnakers,  grocers,  druggist.s, 
confectioners,  haberdashers,  and  jewellers. 

Four  years  for  apothecaries,  furriers,  ropemakers,  leather- 
dressers. 
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Five  ijears  for  hosiers,  cloak-makers,  glovemakers. 

Eight  gears  for  goldsmiths  and  silversmilhs. 

Modern  methods  have  reduced  the  term  of  apprenticeship 
to  three  or  four  years.  With  scientific  organisation  this 
period  suffices  to  form  very  good  workmen. 

Now  the  apprentice  to-day  is  haunted  by  the  idea  of 
earning  money,  as  much  for  himself  as  for  his  parents.  He 
no  longer  understands  the  necessity  of  the  sacrifice  which  the 
learning  of  a trade  requires  ; he  is  too  young  to  understand  it, 
and  his  family  too  poor  to  support  it.  So  we  find  him  leaving 
his  employer  at  a day’s  notice  because  the  latter  does  not  pay 
him  enough,  or  does  not  regard  him  as  a qualified  wage- 
earner.  This  desultory  apprenticeship  makes  the  worker  an 

outcast  and  degrades  his  profession. 

Until  our  industrial  colleges  are  able  to  open  their  doors 
to  all  our  young  workers,  the  employers  might  turn  out  good 
apprentices  provided  the  work  of  the  small  workshops  were 
more  under  control,  the  reciprocal  duties  of  masters  and 
apprentices  being  precisely  defined  ; while  if  necessary  the 
apprentice  might  be  encouraged  by  rewards  of  a material  or 
honorific  character.  But  whether  the  school  or  the  workshop 
is  in  question,  the  State  should  endeavour  to  assist  the  paients, 
bv  agreement  with  the  local  authorities,  and  should  influence 
them  morally  through  the  medium  of  the  teachers.  It  should 
make  a wide  appeal  to  the  experience  and  the  zeal  of  the. 
manufacturers,  whom  I should  like  to  see  upon  the  councils 
of  all  the  industrial  colleges.  And  when  the  apprentice  has 
completed  his  studies,  and  is  judged  worthy  of  being  a workman, 
he  might  conveniently  be  subjected  to  a year’s  probation  in 
a Workshop.  In  this  direction  tlie  collaboration  of  our 
manufacturers  would  be  of  great  assistance.  Ihe  proba- 
tioners would  make  excellent  workers  ; in  the  factory,  above 
all,  they  would  learn  the  unavoidal)le  need  of  production  of 
the  economic  world,  and  the  demands  of  society  ; they  would 
learn,  in  Taylor’s  words,  “ that  one  cannot  sell  fine  speeches.” 


LXXXVni.  Social  Science  and  Industry.— This  lesson 
of  the  economic  life  of  a country  ; social  science  ; the  psycho- 
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physiological  knowledge  of  man  : of  these  the  pupils  of  our  great 
colleges  are  ignorant,  as  are  the  workers  trained  in  oiu'  industrial 
colleges.  Both,  therefore,  should  be  re-broken  to  the  realities 
of  life  by  a term  of  probation  in  the  factory.  ” Working 
elbow  to  elbow  with  a greasv  mechanic,  with  a workman 
ignorant  of  the  rules  of  grammar  and  a stranger  to  all  the  forms 
of  politeness,  they  will  soon  be  compelled  to  recognise  the 
intellectual  acuteness  of  these  men.  ...  In  our  schools  the 
greater  part  of  the  time  is  devoted  to  the  properties  of  inani- 
mate materials.  . . . Living  matter,  on  the  other  hand  . . . 
is  entirely  disregarded  ; not  so  much  as  an  hour’s  study  is 
devoted  to  it.  The  managers,  directors,  and  presidents  of  our 
great  companies  have  only  one  material  to  work  in  : ihe  workers. 
The  pupils  of  our  colleges  w’ill  find  that  the  whole  of  their 
lives  will  be  devoted  to  the  working  of  this  precious  raw' 
material,  and  they  complete  their  studies  at  the  age  of  22, 
without  having  heard  it  mentioned.”  ^ 

In  France,  after  half  a century’s  slumber,  we  are  returning 
to  the  science  of  man,  and  thanks  to  the  impulse  given  by  the 
Ministry  of  Labour,  and  above  all  by  M.  Leon  Bourgeois, 
nothing  that  concerns  the  worker  is  any  longer  indifferent  to 
us.  But  while  the  analvtical  consideration  of  the  W'orkers 
is  proceeding,  in  respect  of  their  hygienic  and  professional 
requirements,  and  while  their  Avell-being  is  progressing,  it 
has  become  a matter  of  the  greatest  urgency  that  the  [Ministry 
of  Commerce  should  assist  in  the  w'ork  by  organising  apprentice- 
ship on  a scientific  basis,  and  organising  it  in  the  schools. 
The  task  of  the  w'orkshop  will  be  complementary.  Every- 
thing points  to  the  Conservatoire  des  Arts  et  ]\I6tiers  as  the 
centre  w'liich  should  co-ordinate  anti  direct  the  indispensable 
undertaking  which  is  imposing  itself  upon  the  nation.  It 
combines  the  scientific  authority  and  the  industrial  pow'er 
whose  isolated  action  would  be  a national  disaster. 

And  around  it,  receiving  light  from  it,  numbers  of  schools 
must  be  added  to  those  that  already  exist.  In  Germany, 
in  the  city  of  Munich  alone  (it  contains  520,000  inhabitants), 
there  are  sixty  schools,  of  wdiich  forty-eight  teach  commerce, 

^ F.  \V.  Taylor,  Bevue  de  la  fnetallurgie,  Vol.  II.,  p.  (>48,  1910. 
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cind  twelve  the  incluslricil  cirts.  this  fact  alone  tells  the  State 
what  its  duty  is. 

There  is  trulv  very  much  to  be  done,  of  which  these  modest 
pages  cau  give  uo  idea.  If  I were  not  afraid  of  discouraging 
pood  iuteutious,  I should  subscribe  to  the  verdict  of  the  Ameri- 

o 

cau  scientist,  Gilbreth  : 

“ The  present  system  of  apprenticeship  is  pitiable  and 
criminal,  considered  from  the  apprentice’s  point  of  view  ; it  is 
ridiculous  from  the  modern  point  of  ^'iew  ; and  there  are  no 
words  to  describe  its  futility  from  the  economic  point  of 
view.”  1 

^ F.  Gill>reth,  Motion  Study,  ]•.  41,  1911. 
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LXXXIX.— Labour  means  the  work  of  the  workers  ; but 
it  is  also  used  to  signify  the  class  of  workers  as  a whole,  or  the 
body  of  workers  engaged  upon  the  same  task,  d here  is  a 
confusion  of  persons  with  the  thing,  so  obvious  is  it  to  the 
mind  that  there  can  be  no  useful  work,  nor  wealth,  nor  well- 
being without  the  worker. 

Labour,  then,  is  the  instrument  of  economic  prosperity, 
and  for  this  reason  it  should  be  plentiful,  well-trained,  educated, 

and  directed  ably  and  with  art. 

In  France  labour  has  always  lieen  scarce  ; to-day  it  has  paid 
the  countrv  a veiy  heavy  contribution  ; its  ranks  are  emptier 
than  ever.  Alreadv  it  has  been  necessary  to  employ  lialion 
workers,  and  more  recently  Kabijlcs  and  Annamites.  In 
England  the  gaps  in  the  workers’  ranks  may  be  filled  suffi- 
cientlv  by  women,  but  in  France  these  levies  of  workers  from 
overseas  will  necessarily  be  more  frcc[uent  henceforth,  and  I 
imaoine  that  French  industrv  would  utilise  the  entire  French 
and  colonial  contingent  rather  than  apjily  to  our  neighbours. 
The  fact  is  that  this  problem  of  recruiting  labour  involves 
anolher  problem  of  very  great  importance,  that  of  the 
aptitudes  and  the  physiological  working  conditions  of  men 
belonging  to  many  races  and  hailing  from  other  climates 
than  ours.  Acclimatisation,  however,  has  not  hitherto 
formed  the  subject  of  any  exact  investigations  ; one  may 
describe  it  as  abandoned  to  empiricism  all  the  world 

over. 
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XC.  Italian  Labour. — I shall  make  only  a lew  Jiriel'  remarks 
with  regard  to  Ilaliaii  laboui’.  As  workers  llie  llaliaiis  are 
incontestably  very  similar  to  the  French,  in  respect  of  their 
mental  characteristics  and  their  tendency  to  accpiire  similar 
habils.  Their  life  has  evolved  in  Ihe  same  world  of  ideas  and 
feelinas.  Bv  race,  and  the  hereditarv  inlluence  of  a similar 
cullure,  they  possess  elements  of  allinily  which  cement  them, 
moi'c  closely  than  any  other  people,  lo  our  social  edilice,  the 
joints  being  imperceptible. 

Better  still,  the  French  and  the  Italian  have  waged  wars  in 
common,  and  the  memories  of  common  glories  have,  so  to 
speak,  set  a seal  upon  an  unwritten  pact  of  human  cordiality. 
There  have  never  been,  and  between  these  two  peoples  there 
will  never  be,  any  of  those  “ vigorous  hatreds  ” which  we  feel 
for  races  whose  evolution  has  been  abnormal. 

Still,  the  Italian,  even  in  Italy  and  the  southern  climates  to 
which  he  willingly  emigrates,  lacks  energy  ; he  works  intelli- 
ncntlv,  but  with  a certain  heedlessness  ; he  does  not  display 
the  continuity  of  effort  which  our  modern  industries  require  ; 
he  proceeds  by  fits  and  starts,  husbanding  his  resources  of 
energy  far  more  than  does  the  French  worker. 

Usuallv,  when  he  emigrates,  he  lives  in  a modest  fashion  ; 
he  is  never  a feverish  worker,  but  he  begins  early  in  the  morning 
and  ceases  late  in  the  afternoon.  The  modern  .system  of  the 
organisation  of  labour,  which  requires  a minimum  of  allendancc 
in  Ihc  workshop  and  a maximum  of  production,  would  therelore 
be  difficult  lo  apply  to  the  Italian  worker.  This  is  an  import- 
ant point,  which  requires  examination.  INIy  allenlion  was 
drawn  to  it  in  the  course  of  a scientific  mission,  with  which  I 
was  entrusted  when  in  Italy,  in  1907. 

And  for  this  reason,  I do  not  absolutely  accept  the  doctrine 
of  the  eminent  Italian  sociologist  Cabrini,  who  wrote  in 
1916  M 

“ Italy  is  proud  to  collaborate  in  the  development  of  French 
industrv,  by  pro\iding  it  with  the  complementary  labour 
which  it  lacks,  and  which  we  possess  lo  excess.  Assuredly 
the  victorv  of  the  Entente  will  arouse  in  Italy  a wonderful 

^ See  Le  Journal,  1 Juiie,  1916, 
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industrial  development.  But  for  a long  time  yet  a large 
number  of  workers  will  continue  to  emigrate. 

“ We  shall  gladly  see  our  compatriots  turning  toward  a 
nation  speaking  the  Latin  tongue,  whose  temperament  is 
fraternal ; to  France,  our  ally  in  mind,  heart,  and  political 
thought.  Emigration  in  Europe  is  a far  more  temporary 
business  than  emigration  to  America  ; for  these  emigrants 
their  native  countrv  is  close  at  hand. 

“ However,  France  and  Italy,  nations  which  are  essentially 
democratic,  must  discipline  the  movement.  It  is  in  your 
interest  not  to  receive  workers  who  might  lower  the  rate  of 
wages.  We  do  not  wish  to  send  you  countiymen  of  ours 
who  might  play  the  part  of  blacklegs. 

“ The  French  State  has  duties  to  fulfil  in  respect  of  its 
proletariat,  which,  having  suffered  unheard-of  sacrifices, 
remains  the  admiration  of  the  world.  The  road  must 
not  be  barred  against  those  who  return  from  the  trenches. 
France  could  never  permit  of  the  importation  of  mendicant 
labour. 

“ The  old  theory,  which  declared  that  the  money  sent  home 
by  the  emigrants  is  always  welcome,  whatever  humiliation 
it  may  conceal,  is  exploded.  Even  the  Government  is  dis- 
carding it. 

“ It  is  important,  therefore,  to  lay  down  clearly  defined 
conditions  on  either  side.  In  so  doing,  we  shall  confirm 
the  alliance  sealed  by  our  arms,  both  in  duration  and  in 
strength.  Thus  the  necessity  of  a labour  contract,  such  as 
Luzzati  proposed,  becomes  apparent:  The  emigration  treaty, 

understood  as  a labour  contract,  may  be  summarised  as 
follows  : 

“ 1.  The  Italian  worker  in  France  must  enjoy  the  same 
liberties  as  the  French  worker. 

“ 2.  In  any  trade  union  dispute,  he  must  not  be  expelled 
until  the  recognised  authorities  have  delivered  judgement. 

“ 3.  Any  engagement  entered  into  by  French  manufacturers 
must  take  the  form  of  a common  agreement  between  the 
Government  and  the  trade  organisations  of  capital  and 
labour.” 
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XCI.  Wages.— Whale.ver  Ihe  character  of  this  foreign 
participation  in  the  economic  work  of  h ranee,  it  is  none  the 
less  true  that  the  supply  of  workers  has  seriously  diminished, 
and  that  there  will  be  an  ever-increasing  demand  for  machinery, 
in  industry,  commerce,  and  agriculture.  The  inanimate 
motor  will  continually  encroach  upon  the  domain  of  the 
living  motor  ; mechanical  cidlivation  will  impose  its  laws 
upon  the  peasantry ; in  factory  and  workshop  the  machine- 
tool  will  reign  as  a sovereign.  And  in  order  to  direct  and 
control  all  these  blind  and  indefatigable  forces  the  worker 
will  be  compelled  to  specialise,  to  add  to  his  education,  to 
sharpen  his  intelligence.  If  apprenticeship  does  not  come 
to  his  aid,  by  adapting  him  to  this  delicate  task,  he  will  require 
a long  time  to  get  used  to  it ; his  output  will  be  indifleient, 
and  his  wages  low.  For  as  the  enq)loyment  of  machinery 
and  mechanical  procedures  [)rogresses,  greater  capacities  will  be 
required  of  our  workers,  and  selection  will  eliminate  a consid- 
erable mass  of  waste  labour.  An  example  of  the  inq)rovement 
which  will  be  required  of  labour  is  al lorded  by  the  professions 
themselves  : machinists,  watchmakers,  electricians,  and  crafts- 
men are  intelligent,  adroit,  and  expert.  They  would  be  still 
further  raised  in  the  social  scale  if  their  apprenticeship  were 
organised  in  the  manner  already  explained. 

This  is  far  from  being  the  condition  of  the  bulk  of  the  workers. 
There  are  those  who  labour  strenuously  and  earn  little.  This 
is  inevitable  ; one  cannot  prevent  ignorance  from  causing 
poverty.  Now  more  than  ever  men  grasp  the  fact  that  they 
have  a right  to  live,  and  to  live  a hfe  that  is  not  a series  of 
hardships  and  privations.  The  problem  of  wages,  which 
comprises  many  very  complex  faclors,  must  not  disregard 
this  claim,  must  not  coniine  itself  to  questions  of  output. 
Wages  do  not  requite  an  organism  whose  needs  are  regulated 
solely  by  the  amount  of  work  done,  as  is  the  case  with  a steam- 
engine,  for  example.  The  livelihood  of  the  worker  must  be 
guaranteed  on  a liberal  scale  ; and  by  his  livelihood  we  mean 
the  cost  of  his  food,  even  when  he  is  not  at  work,  during  periods 
of  rest,  and  holidays,  and  involuntary  unemployment;  the 
maintenance  of  his  health,  by  means  ol  hygienic  home  condi- 
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lions,  lodgings,  clothing,  etc.,  and  the  maintenance  of  the 
race  by  means  of  social  hygiene.  I say  that  wages,  in  the 
case  of  every  worker  woi  Uiv  of  I he  name,  must  not  be  allowed 
to  fall  below  a certain  limit,  or  the  woi’ker  becomes  the  victim 
of  inhumanity.  And  I declare  that  whenever  a man  cannot 
lind  a means  of  livelihood  il  is  society  alone  that  is  to  blame. 

There  is  in  the  diinsion  nj  labour  a scienlilic  solution  of  the 
problem  of  occui)ying  every  one  on  the  work  that  best  suits 
him.  And  there  are  so  many  developments  possible  to 
human  activity  that  everv  worker  ought  to  lind  his  niche 
without  delav.  Bv  what  aberration  do  we.  come  to  have 
strikes,  when  there  are  rational  means  of  solving  the  conllicts 
between  capital  and  labour  ? Strikes  injure  production,  and 
inconvenience  emj)loyers  and  workers  alike,  they  will 
disa})j)ear  before  an  organisation  which  neglects  none  of  the 
material  and  moral  needs  of  the  workers,  and  when  the  laws 
have  ceased  to  be  weapons  that  have  no  edge. 


XCII.  French  Labour. — Everything  that  can  be  said  con- 
cerning French  labour,  or  almost  everything,  has  been  said, 
and  admirably  said,  by  the  French  economists.  It  possesses 
in  its  own  right  the  spirit  of  enterprise  which  enables  it  to 
invent,  to  perfect,  and  to  love  progress  ; its  predominant 
quality,  as  is  universally  recognised,  is  its  love  of  good  work- 
manship, of  accuracy  : routine  is  repugnant  to  it,  as  soon 
as  its  defects  are  understood.  This  intelligence  is  less  deve- 
loped among  the  tillers  of  the  soil,  who  are  more  addicted  to 
routine.  The  French  worker  readih'  assimilates  new  ideas, 
all  the  more  rapidly  as  they  appeal  to  his  curiosity  or  appear 
acceptable.  But  his  temperament  is  impulsive.  Not  having 
enjoyed  a protracted  education,  and  being  ignorant  of  method, 
he  likes  to  dabble  in  everything,  without  going  ileeply  into 
anything.  This  defect  is  balanced  by  the  qualities  we  have 
mentioned,  but  it  is  none  the  less  a real  defect.  For  all 
these  reasons  the  French  schools,  whether  in  town  or  country, 
should  undertake  to  direct  and  favour  the  exercise  of  the 
national  virtues  in  the  worker  from  childhood,  instruct- 
ing the  young  in  all  the  elements  of  their  craft,  plainly 
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Fio.  (»7. — Tilling  the  Soil  in  the  18th  Century. 

Tlic  proteciion  of  Ihc  race  necessitates  fiirlher  measures  ; 
workshops,  factories,  foundries  will  l)c  so  conditioned  that 
none  of  the  rights  of  hygiene  are  disregarded  therein.  Notices 
will  be  posted  up  which  will  teach  the  workers  the  precautions 
to  be  taken  against  possible  causes  of  contagion  or  poisoning, 
and  the  immense  advantages  of  a rational  diet,  in  conformity 
with  the  principles  which  we  have  already  expounded. 

It  is  obvious  that  this  is  rather  the  mission  of  the  labour 
inspectors,  or  factory  inspectors  : a mission  which  re([uires 
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demonstrating  the  advantages  of  the  modern  methods  of  labour 
over  the  ancient,  and  of  science  over  empiricism.  Like  the 
artisan,  the  peasant  also  needs  the  collaboration  of  aii  impio\ed 
technique  with  his  customary  methods  of  procedure.  This 
might  usefully  associate  the  activities  of  his  wife  and  children 
with  his  owTi.  This  w'ould  result  in  the  something  resembling 
the  old  life  of  the  countryside  ; but  the  old  life  modernised, 
made  fruitful  and  ])roductive  (Fig.  67). 
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tact  and  competence,  and  wiiich  might  be  simplified  by  the 
organisation  of  evening  lectures  on  the  hygiene  of  labour,  at 
wiiich  only  experimental  instruction  w’ould  be  given.  Learned 
verbiage  is  the  w^orst  of  all  verbiage  ; it  drives  men  aw’ay 
from  the  truth. 

Lastly,  the  French  w'orker  is  lacking  in  the  spirit  of 
colonisation.  This  is  probably  a result  of  national  prosperity 
and  the  Gallic  “ sociability.”  Social  customs,  the  spirit  of 
comradeship,  and  mental  inertia  keep  the  Frenchman  at 
home  ; but  the  man  wdio  is  always  self-contained  escapes  this 
attractive  force  ; at  home  or  elsewhere,  he  remains  the  same. 
It  would  be  as  wtII  that  the  true  French  craftsman  should 
to  some  extent  migrate  to  the  colonies,  to  assist  in  their 
economic  conquest,  in  the  first  place  directly,  and  by  setting 
a living  example  ; but  also  by  training  the  native  craftsman, 
for  the  colonial  workers  are  numerous  and  of  indifferent 
quality. 

The  worker  who  repairs  to  the  colonies  requires  experience 
of  the  native  world  and  a knowledge  of  the  native  environment. 
F'urther  on  w'e  shall  consider  the  subject  of  the  native  workman 
and  his  physiological  endurance.  But  all  that  concerns  the 
environment,  that  is,  the  temperature,  the  effects  of  the  sun, 
and  the  extreme  tuimiditij  of  the  African  regions  over  which 
float  the  French  colours,  together  with  all  that  relates  to  the 
diet  suited  to  the  colonies,  and  the  nature  of  colonial  life, 
deserves  the  fullest  consideration.  I can  onlv  refer  the 
reader  to  my  volume  on  Le  Moleur  Jliimain  (Book  IV.), 
and  to  the  few  followTiig  pages.  From  a practical  point  of 
view  it  is  necessary  to  insist  on  the  necessity  of  moderating 
the  worker’s  activity,  and  the  expenditure  of  energy  corre- 
sponding thereto  ; of  working  at  a slower  pace  than  in  Euro- 
})ean  countries  ; of  beginning  work  early,  and  ceasing  work 
late,  in  order  to  profit  by  the  hours  during  which  the  heat 
is  not  at  its  maximum  intensity  ; in  short,  of  making  up  in 
duration  wdiat  one  is  obliged  to  lose  in  the  matter  of  effort. 
The  meals  must  include  a smatter  quantity  of  meat,  and  atcohotic 
drinks  must  be  forbidden,  under  penalty  of  falling  a victim 
to  all  sorts  of  possible  infections,  and  of  permanently  impairing 
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the  resislaiiee  of  Ihe  orgauisiii.  1 altribule  lo  cxcessi\e 
labour  and  the  rec-kless  consuniplioii  of  l)randy  the  heavy 
death-rate  of  the  workers  who  were  employed  in  Madagascar 

to  build  the  Majunga  railway. 

Moreover,  it  is  the  duty  of  the  European  worker  to  direct 
native  labour,  which  is  naturally  adapted  to  fatiguing  kinds 
of  work,  which  will  not  tax  the  uati^'e’s  emlurance  as  greatly 
as  it  would  ours  ; and  also  to  learn  to  drive  and  control  the 
industrial  machinery  entrusted  to  him  by  the  colonist.  Very 
soon  there  will  no  longer  be  a single  factory  or  agricultural 
exploitation  without  a thorough  mechanical  equipment. 
We  should  therefore  train  the  minds  of  our  woikers  ; they 
themselves  will  look  after  their  muscles. 

The  Frenchman  who  repairs  to  the  colonies  must  abandon 
some  of  his  European  customs,  and  replace  them  to  some 
extent  by  native  customs,  particularly  in  respect  of  food, 
clothing,  and  housing,  of  which  we  shall  say  more  directly. 
Otherwise  the  sudden  variations  of  temperature  will  soon 
impair  his  health,  having  first  diminished  his  capacity  for 
work.  The  period  required  for  aeeliinalisalion  is  from  three 
to  four  years,  if  one  leads  a regular  life,  avoiding  o^el^\olk 
and  intemperance.  In  the  case  of  Europeans  resident  m 
Sumatra,  where  the  mean  temperature  averages  80-6°  all  the 
year  round,  Glogner  gives  4 years  as  the  period  of  acclimatisa- 
tion. But  it  must  be  added  that  the  previous  condition  of 
the  subject,  his  age,  and  his  position,  modify  this  ligure. 
Above  all  it  is  important  to  respect  ihe  cellular  habil  in  respect 
of  the  work  of  producing  energy.  Physiological  phenomena 
do  not  lend  themselves  to  sudden  changes  ; they  demand  a 
slow  transition,  a gradual  training.  I will  remind  the  reader, 
in  this  connection,  that  the  princiiial  factor  of  the  physical 
depreciation  of  the  French  troops  sent  out  to  the  colonies  is 
the  defective  training  of  the  cellular  vitality.  Even  Coulomb 
had  observed  the  low  output  of  European  troops  in  the  colonies. 
“ I have  caused,”  he  says,  “extensive  works  to  be  caiiied 
out  by  French  troops  in  Martinique,  where  the  thermometer 
is  seldom  below  68°  (lo  be  precise,  77°).  I have  caused  the 
same  work  to  be  performed  by  soldiers  in  h ranee,  and  I can 
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assert  that  here,  under  tlie  14th  degree  of  latitude,  where  the 
men  are  almost  always  inundated  with  jierspiration,  they  are 
not  cajiable  of  Iialf  the  amount  of  daily  woi’k  which  they  can 
jierform  in  our  climate.”  I therefore  persist  in  upholding 
the  idea  that  European  workers  should  content  themselves 
with  supervising  and  organising  native  labour.  This  latter 
is  adapted  to  the  environnient,  and  Europeans  can  never 
replace  it  without  danger  at  a moment  when  all  European 
countries  are  demanding  the  full  activity  of  their  citizens  in 
order  to  etTect  their  economic  recovery  from  the  war. 

XCIII.  Native  Labour. — In  view  of  this  recovery,  it  has 
been  suggested  that  the  army  of  French  workers  should 
be  reinforced  bv  levies  of  the  natives  of  Africa,  and  more 
])articulaiiy  of  the  Kabijles.  These  latter  are  French  subjects. 
For  this  reason  to  begin  with,  and  also  because  of  the  services 
they  might  render,  they  merit  especial  attention.  They  have 
too  often  been  observed  from  the  outside,  through  the  veil  of 
literature,’  in  the  wondering  recitals  of  lovers  of  the  picturesque, 
and  of  late  in  the  splendour  of  heroism.  We  must  also 
contrive  to  see  them  from  the  inside,  under  all  the  aspects 
of  their  moral  and  material  life,  and  by  the  light  of  their 
traditions.  To  become  acquainted  with  them  thus  is,  to 
my  mind,  to  confer  a benelit  upon  them,  lor  they  gain  upon 
acquaintance. 

The  scientific  study  of  the  Arabs  occupied  me  from  1907  to 
lt)09,  when  I undertook  an  ofilcial  mission  in  the  north  ol 
Africa.  1 inquired  into  tlie  conditions  of  their  work,  their 
strength,  and  their  productive  capacity.  My  numerous  experi- 
ments tended  to  emphasise  the  inlluence  of  alimentation, 
temperature,  and  solar  radiation.  I endeavoured  to  throw 
some  light  upon  the  social  and  military  problem,  no  less 
than  upon  the  physiological  ])roblem,  lor  there  was  then 
much  discussion  of  ]\I.  iMessimy’s  interesting  proposal  for 
native  conscri])tion.  I will  here,  summarise  my  observa- 

' An  excellent  example  will  be  fouml  in  the  article  by  Charles  Cnbiiaux,  s 
de  hi  vie  kahylt  {Revue  des  I>eft.r  Io  April,  lUlb,  ]).  1 2i>). 


212  THE  PHYSIOLOGY  OF  INDUSTKl  vL  ORGANISATION 

tions,  which  are  scallered  through  ministerial  reports,  which 
the  dust  of  the  archives  lias  not  defiled,  or  in  technical 

publications^ 

Technical  and  Social  Considerations.  7/ie 

Kabyles. — The  Arab  populations  owe  to  their  common  Musul- 
man  religion  the  power  of  the  traditions  which  govern  them  ; it 
constitutes  a powerful  bond  between  very  different  races,  at  all 
events  between  those  which  inhabit  the  Mediterranean  sea- 
board. The  Arab  mind  is  wholly  enveloped  and  penetrated 
by  the  religious  atmosphere.  It  takes  refuge  in  a jiast,  which 

is  in  truth  full  of  glory  and  splendour. 

I shall  speak  in  these  pages  of  the  Kabyle  population 
exclusively.  It  is  of  the  greatest  inpiortance  to  the  world  of 
labour.  One  encounters  the  Kabyles  in  the  eastern  portion 
of  the  department  of  Algiers,  in  the  department  of  Constan- 
tine, and  in  various  parts  of  western  Africa,  above  all  in 

Morocco. 

From  the  ethnical  point  of  view  we  lind  that  there  is  mention 
in  the  Egyptian  annals  of  a Lybian  iieople,  living  to  the  west 
of  EgAT>t ; autocthonous  people,  of  a fair-haired  type. 
A papVrus  dating  from  3,000  years  before  Christ  calls  this 
people  Vama/ioH.  I do  not  know  what  this  evidence  is  worth  ; 
but  in  the  time  of  the  rivahy  between  Rome  and  Carthage, 
there  was  certainly  a kingdom  of  Niimidia,  inhabited  by 
Berbers,  where  the  Kabyles  are  found  to-day.  Were  these 
Berbers  the  descendants  of  a few  Phoenician  emigrants,  con- 
temporaries of  the  founders  of  Carthage  ? WMuld  they 
thus  be  of  Semitic  stock?  Their  type  distinguishes  them 
from  the  Arabs,  who  wore  late-come rs  in  the  north  of  Africa. 
And  they  have  at  present  no  recognisable  kinsmen.  They 
are  the  images  of  an  original  which  has  disappeared. 

Wlien  Rome  had  defeated  Carthage  she  appointed  her  own 
ally,  Massinissa,  king  of  all  Xumidia,  with  Cirla  or  Constantine 
for  its  capital.  However,  the  instinct  of  liberty  won  the  upper 
hand,  and  the  Roman  yoke  seemed  too  heavy  to  the  son  of 

‘ .Jules  Amar,  Lt  Moteur  Humain,  Book  VI,  1!»14  ; LeRendemmt  de  la 

iiiarhine  humaine,  Paris,  1910  (out  of  print). 
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Massinissa,  Prince  Jugurtha.  The  fiery  Numidian  horsemen — 
Nuinidae  infracni  ci/a/au/— revolted,  and  Marius  had  to  fight 
the  army  of  Jugurtha,  which  he  crushed.  In  the  year  106  b.c. 
he  challenged  him,  and  cast  liiin  into  prison.  The  soul  of  the 
Berbers  was  unconquered  ; the  purity  of  the  race  was  not 
impaired  ; for  no  one  can  claim  to  rediscover  in  the  Kabyles 
of  Djudjura  the  well-known  features  of  the  Romans,  whether 
physical  or  moral. 

There  were  renewed  assaults  and  revolts  in  Numidia,  when 
the  torrent  of  Arab  invasion  went  by,  about  the  year  646  .\.n. 
A Berber  Joan  of  Arc  opposed  herself  to  the  invader  ; the 
Kahina  organised  the  defensive,  and  won,  if  not  the  indepen- 
dence of  her  native  country,  at  least  the  admiration  of  histor\' 
and  the  laurels  of  legend. 

Then,  in  the  sixteenth  century,  came  the  Turks,  whose 
domination  ended  with  the  advent  of  the  French.  W^e  will 
not  insist  upon  events  which  would  not  in  any  case  elucidate 
the  mysterious  past  of  the  Kabyles,  and,  more  generally,  of 
the  Berbers.  What  sur\ives  from  this  past  is  the  human 
type  with  its  individual  characteristics — the  Kabyle,  with 
his  intrinsic  qualities,  which  are  those  we  wish  to  consider. 
And  as  the  Kabyle  is  found  in  Tunis,  Tripoli,  and  Morocco, 
it  is  as  well  to  become  thoroughly  acquainted  with  him,  and  to 
lay  bare  his  thoughts  and  feelings.  Ethnography,  in  this 
connection,  becomes  a valuable  means  of  civilisation. 

It  is  therefore  not  surprising  to  learn  that  the  Italian  Govern- 
ment has  appointed,  in  order  to  facilitate  the  colonisation  of 
Lybia,  a commission  of  specialists  wliose  office  it  is  to  analyse 
all  the  psychological,  physiological,  and  ethnographical  ele- 
ments, which  will  assist  the  work  of  penetration.^  I do  not 
know  what  organisation  guarantees  the  success  of  the  French 
in  [Morocco  ; but  we  should  have  everything  in  our  favour 
that  makes  for  success.  By  collaboration  and  agreement 
with  our  Italian  neighbours  we  should  bring  to  bear  upon  Africa 
a progressive  influence  without  example  in  the  history  of  the 
world. 


1 S.  Ottolenghi,  Xuom  Antologia,  1 May,  1914. 
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XCA’.  The  Life  of  the  Kabyles.-  Let  us  return  to  the 
Kahvlos.  They  ore  almost  all  induTi-ious  I'olk  ; they  are 
always  busy,  either  in  trade  or  agriculture,  d’hey  work  with 
zeal  "and  intelligence,  and  the  other  races  of  Africa  find  them 
formidable  competitors.  I should  be  inclined  to  compare 
them  with  the.  Mozabilcs,  a Saharan  ix.pulation,  equally  wide- 
awake meiitalh,  and  undeniably  a mercantile  people,  whose 
ethnical  origin  is  no  less  of  a riddle,  lhe.se  Mozabites  are 
disseminated  through  Algeria  and  Tunis  ; everywhere  thev 
assimilate  themselves  to  the  inhabitants,  and  by  their  unusual 
diligence  make  a living  out  of  the  l.attei. 

The  Kabyles  generally  live  in  groiqis  ; they  have  retained 
their  ancient  manners,  which  might  be  called  Biblical,  in 
the  sense  that  their  constitution  recalls  the  period  when  Moses 
divided  an  unformed  people  into  tribes,  and  gave  these  tiabes 
a patriarchal  constitution.  The  old  organisation  has  not 
been  forgotten  ; the  groups  of  ten,  a hundred,  and  a thousand 
inhabitants  having  councils  and  judges,  so  that  the  higher 
authorities  synthetised  the  lower,  and  the  least  hamlet  was 
reflected  in  the  commune,  and  this  in  the  town.  I found 
these  federations,  these  super-imposed  assemblies,  these 
Councils  of  Ancients,  and  this  family  inlluence,  the  survivals 
of  remote  antiquity,  in  the  organisation  of  the  Berbers.  And 
this  again  confirmed  me  in  the  hypothesis— I do  not  say  the 
certainty — that  the  Kabyles  are  of  Phoenician  origin. 

Down  to  the  tenth  levied  on  the  grain,  and  the  hundredth 
on  the  Hocks  and  herds;  the  asseriion  of  the,  relations  of 
master  and  slave  as  between  man  and  wife — but  of  a gentle 
and  courteous  slavery  ; the  hospitality  shown  to  the  ])ooi 
man  and  the  stranger  ; the  respect  for  the  oath,  and  the 
keen  sense  of  honour — all  the  features  of  life  reproduce 
the  existence  of  which  the  Scriptures  give  us  a detailed 

narrative. 

Here  we  have  even  the  explanation  of  the  sedentary  life 
of  the  Kabyles,  and  their  love  of  their  native  country  and  their 
homes — -as  long  as  they  can  find  the  means  of  livelihood  close 
at  hand.  If  they  cannot,  they  leave  their  thatched  houses, 
and  descend  from  their  hilltops,  abandoning  an  ungrateful 
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soil  and  its  wasted  fields,  'fhey  repair  to  the  cities,  where 
their  labour  is  well  paid  and  highly  valued  ; they  work  by 
the  piece  or  l>y  tlie  day  ; they  are  economical,  honest,  and 
industrious. 

Spending  little,  they  quickly  attain  a comparatively  inde- 
pendent ])osition,  becoming  small  traders  or  shopkeepers, 
and  succeeding  in  the  majority  of  trades. 

'fhey  are  not  mere  tillers  of  the  soil  who  are  lost  when 
thev  quit  the  furrow.  On  the  contrary,  they  love  the  handi- 
crafts and  arts,  and  display  a certain  skill  in  them.  'Fhese 
industrious  folk  are  no  less  at  home  before  the  loom  or  the 
embroidering  machine  than  between  the  handles  of  the  plough. 
Industrial  training  would  make  them  model  artisans,  such  as 
will  not  be  found  among  their  Arab  co-religionists.  For  they 
are  distinguished  from  the  latter  by  their  horror  of  idleness, 
and  the  poverty  which  it  engenders,  and  they  are  not  super- 
stitious, nor  absolute  fatalists ; above  all,  they  possess  a 
prouder  sense  of  their  own  dignity  and  liberty. 

One  feels  that  thev  are  the  true  natives,  the  autochthonous 
inhabitants,  lost  in  the  midst  of  the  human  forest  which  has 
i^rown  up  around  them.  Their  patriotism  must  not  be  con- 
founded with  religious  fanaticism.  I have  often  been  assured, 
and  I have  been  enabled  to  convince  myself,  that  faith  does 
not  remove  mountains  in  the  Kabyle  country. 

To  sum  up,  the  Berbers  in  general  are,  in  my  opinion,  an 
industrious  people,  united  and  actuated  by  interest  and  honour 
—which  is  not  really  a contradictory  statement.  They  are 
dominated  by  a fervent  sense  of  the  family.  They  are  ready 
to  make  sacrifices,  and  to  undertake  any  prolitable  venture 
far  or  near  ; in  short,  they  possess  the  qualities  of  good  work- 
men. And  when  they  have  saved  some  money  they  return 
to  their  own  country,  resume  the  interrupted  life  of  tradi- 
tion, and  beside  the  rekindled  hearth,  under  their  own 
friendly  skies,  pursue  their  diligent  labours  as  shopkeepers  oi 
agriculturists. 

Kabylia,  then,  has  preserved  the  manners  of  its  ancestors, 
who,  in  the  famous  days  of  the  Roman  Republic,  created  the 
economic  prosperity  of  the  Numidian  and  Carthaginian 
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terrilories.  This  is  one  reason  why  the  Italians  hope  for 
their  own  part  to  profit  by  their  settlement  of  the  Lybian 
region.  In  matters  of  colonisation  the  past  is  the  teacher  and 
ruler  of  the  future. 

XCVI.  I.  Anthropological  Data. — The  stature  of  the  Kabyle 
is  slightly  above  the  average.  Taking  800  Berbers,  my  measure- 
ments gave  me  an  average  of  5 ft.  6 in.,  the  average  height  of 
the  Frenchman  being  barely  5 ft.  5 in.  ; the  bust  is  particularly 
well  developed,  and  the  thoracic  coeflicient,  of  which  we  have 
elsewhere  explained  the  importance,  is  as  high  as  0-54,  as  in  all 
robust  and  well-proportioned  subjects. 

The  build  of  the  body  is  rather  clumsy,  large  muscles  being 
attached  by  verv  strong  insertions  to  a massive  skeleton. 
The  chest  is  capacious,  the  limbs  large  and  powerful ; the  head 
is  irregular,  the  hair  being  blond  or  chestnut,  or  sometimes  of 
an  unbecoming  maize-yellow.  The  Kabyle  displays  none 
of  the  refinement  of  feature  observed  in  the  Arabs  ; but  the 
countenance  is  expressive  and  energel.ic  ; the  eyes  are  bright, 
and  the  glance  penetrating. 

The  general  aspect  is  a trifle  severe,  and  inspires  interest 
rather  than  sympathy ; it  expresses  determination  and 
decision.  Another  physical  feature  of  the  Kabyle  is  the 
colour  of  his  skin,  which  is  always  lighter  than  that  of  the 
other  Berbers.  The  hereditary  inlluence,  which  augments  the 
immediate  action  of  the  solar  radiation,  and  reinforces  the 
pigmentation  of  the  skin,  is  here  very  slight ; we  are  obviously 
dealing  with  a Mediterranean  people,  implanted  in  Africa  at  a 
fairly  recent  period.  In  this  respect  Kabyles  and  Arabs  are 
closely  related,  forming  a group  quite  distinct  from  that  of  tlie 
negroid  races. 

In  the  negroes  the  influence  of  hen  dity  is  powerful,  and  has 
set  its  seal  upon  the  anthropological  type  of  the  black  race ; 
there  is  a profound  transformation,  in  the  direction  of  a 
diminution  of  nervous  energy  and  of  the  intellectual  capacities, 
while  a kind  of  photo-chemical  induction  is  revealed  by  all 
the  elements  of  the  epidermis  ; the  skin,  hair,  and  beard. 

But  among  the  Arabs  the  pigmentation  is  slight.  I have 
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elsewhere  cited  the  instance  of  the  cap-makers,  who,  from 
father  to  son,  work  in  the  covered  quarters  of  the  towns  known 
as  souks;  thev  liardlv  ever  see  the  sun,  and  never  become 
sunburned.  Their  complexion  is  if  anything  white,  and  they 
are  often  rather  sicklv-looking.^ 


I might  mention  many  other  characteristics  whicli  ditfer- 
^ntiate  the  races  which  I have  observed  ; their  a])])earance 
in  itself  is  sutliciently  instructive  (Fig.  68).  1 should  add 

that  the  Kabyles  speak  French  and  Arabic,  although  they 
express  themselves  by  preference  in  Berber.  It  is  not  for  me 
to  hint  what  this  language  reveals  concerning  their  history  at  a 

'Jules  Ainar,  Journal  de  PhysiologiCy  p.  2^35,  11K)8* 


Arabs  from  the  South.  Xegro.  Kabyle. 

Fig.  (iS. — Tyt>es  of  Xorth  African  Xatives. 
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terrilorics.  Jliis  is  one  reason  the  Ilalions  lio])c  for 

tlieir  own  part  to  profit  liy  their  selUeinent  of  the  Lyliian 
region.  In  mailers  of  colonisation  the  past  is  llie  teacher  and 
ruler  of  the  future. 

XCVl.  I.  Anthropological  Data.  Thestatureof  theKabyle 
is  slightly  above  the  average.  Taking  800  Berbers,  my  measure- 
ments gave  me  an  average  of  5 ft.  6 in.,  the  average  height  of 
the  Frenchman  being  barely  5 ft.  5 in.  ; the  bust  is  particularly 
well  develojied,  and  the  thoracic  eoetlicient,  of  which  we  have 
elsewhere  explained  the  imjiorlance,  is  as  high  as  0-51,  as  in  all 
I'obust  and  well-proportioned  subjects. 

The  build  of  the  body  is  rather  clumsy,  large  muscles  being 
attached  bv  very  strong  insertions  to  a massive  skeleton. 
The  chest  is  capacious,  the  limbs  large  and  powerful  ; the  head 
is  irregular,  the  hair  being  blond  or  chestnut,  or  sometimes  of 
an  unbecoming  maize-yellow.  The  Kabyle  displays  none 
of  the  refinement  of  feature  observed  in  the  Arabs  ; but  the 
countenance  is  expressive  and  energelic  ; the  eyes  are  bright, 
and  the  glance  penetrating. 

The  general  aspect  is  a trifle  severe,  and  inspires  interest 
rather  than  sympathy ; it  expresses  determination  and 
decision.  Another  physical  feature  of  the  Kabyle  is  the 
colour  of  his  skin,  which  is  always  lighter  than  that  of  the 
other  Berbers.  The  hereditary  inllucnce,  which  augments  the 
immediate  action  of  the  solar  radiation,  and  reinforces  the 
pigmentation  of  the  skin,  is  here  very  slight ; we  are  obviously 
dealing  with  a Mediterranean  people,  implanted  in  Africa  at  a 
fairlv  recent  period.  In  this  respect  Kabyles  and  Arabs  are 
closely  related,  forming  a group  cjuite  distinct  from  that  of  the 
negroid  races. 

In  the  negroes  the  iniluence  of  heredity  is  powerful,  and  has 
set  its  seal  upon  the  anthropological  type  of  the  black  race; 
there  is  a profound  transformation,  in  the  direction  oi  a 
diminution  of  nervous  energv  and  of  the  intellectual  capacities, 
while  a kind  of  pliolo-chemical  induction  is  revealed  by  all 
the  elements  of  the  epidermis  ; the  skin,  hair,  and  beard. 

But  among  the  Arabs  the  pigmentation  is  slight.  I have 
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Aiabs  from  tlie  S(»utli.  Xt*gro.  Kabyle. 

Fig,  ()S. — Types  of  North  Afrieaii  Natives. 


1 mi«ht  mention  manv  other  characteristics  which  differ- 
enliale  the  races  which  I have  observed  ; their  appearance, 
in  itself  is  suHicienlly  instructive  (I’ig.  (>8).  1 should  add 

that  the  Kabyles  speak  b'rench  and  Arabic,  although  they 
ex])i’ess  themselves  by  preference  in  Berber.  It  is  not  for  me 
to  hint  what  this  language  reveals  coucerniiig  their  history  at  a 

Vjiiles  Ainar,  Journal  Je  Physiolofjie^  p.  1908, 


elsewhere  cited  the  instance  of  (he  cap-makers,  who.  from 
father  to  son.  work  in  the  covered  (piarlers  of  the  towns  known 
as  sniiks  ; they  hardly  ever  see  the  sun.  and  never  becaune 
sunburned.  Their  comi)lexion  is  if  anything  while,  and  they 
are  often  rather  sicklv-looking.^ 


218 


THi;  PlIVSIOI.OCiY  OF  IMU  STHIU.  ORGANISATION 


])erio(l  when  it  was  not  as  yet  confounded  with  that  ol  any 
other  people,  ddie  accent,  which  is  harsh,  has  by  no  means 
the  harmonv  of  Uie  Arab  tongue.  Of  what  long  silent  voices 
is  it  the  remote  echo?  It  is  for  the.  epigraphists  to  inform  us. 

XC,VII.  Physiological  Data. — The  Energy  of  the  Arab.— 
The  physiological  problem  relating  to  the  enmji)  of  the  Arab 
necessitated  a series  of  careful  experiments,  which  I was 
enabled  to  apply  to  nearly  250  persons  recruited  all  over 
the  north  of  Africa,  in  order  to  compare  different  races  and 

territories. 

The  strength  of  the.  native  varies  from  one  town  to  another, 
according  to  the  economic  conditions.  In  certain  Algeiian 
villages  the  native  is  physically  depressed,  and  emaciated  by 

lack  of  nourishment. 

But  even  when  his  diet  is  regular  the  urban  worker  is  nearly 
always  stronger  than  the  rural  worker,  the  artisan 
peasant.  Employing  the  dynamomder,  I have  found  that 
lightermen,  dock-labourers,  etc.,  have  given  proof  of  the  gieat- 
est  strength  ; next  in  order  come  tin;  tiller  and  the  cultivator 
of  the  soil  ; lastlv  the.  shopkeeper  or  shop-assistant,  who 
lives  a sedentary  life.  The  first  are  capable,  of  an  effort  almost 
twice  as  great  as  the  last,  and  are  able  to  sustain  iL  longer. 
This  advantage,  still  continues  if  we  compare  them  with  our 
French  peasants,  but  it  disappears  when  they  are  compared 
with  the  Parisian  artisan,  who  has  long  been  the  subjec  o 

mv  investigations. 

Tlio  coiisideralioii  o(  work  is  more  mtcresling  Ilian  that  of 
slrennlli.  I llierefore  caused  my  subjects  to  rarri;  bimlens, 
varvitio  from  00  to  132  lbs.,  at  fixed  paces,  svalUiiig  on  tile 
llat'oi  "elinihiiig  a staircase.  I also  made  a iiietliodieal  use  ol 
mv  braked  aide,  in  order  to  measure  llie  xvork  done  by  the 
Ie;s.  and  to  analvse  the  twofold  effects  of  ellort  and  p.ace 

It  niiist  at  once  he  admitted  that  the  Moors  and  the  Kabylcs 
arc  superior  to  all  the  Aralis  in  respect  of  the  amounl  0/  dadij 
labour  of  which  they  are  capable,  and  the  raindity  of  their 
iiiovemeiils.  More  nervously  constituted,  they  iustiiic  ively 
tend  to  work  rapidly,  and  it  is  ilinicult  to  nioilerate  the  swillness 


of  llicir  movements.  The  natives  of  'runis.  on  the  otlier 
hand,  ado])l  a leisurely  pace,  working  with  nonchalance,  and 


\ Kaltyle,  as  the  Sultject  of  an  ExiH-rimcnt  with  the 
Ergoinetric  Cycle  (BLskra,  ilMJS). 


it  is  by  no  means  easy  lo  accelerate  their  movements.  These 
are.  noteworthy  characteristics. 

In  industry,  and  in  the  army,  speed  is  a valuable  factor, 
and  presup])oses  a small  “ iiersonal  ecpiation,”  a neuro- 
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])erio(l  when  il  was  nol  as  yet  eoiifounded  with  Uuit  ol  any 
other  neoi)le.  'I’he.  aeeeiil,  which  is  harsh,  has  by  no  means 
the.  harmonv  of  llie  Aral)  tono'ue.  Of  what  lon^  silent  voices 
is  il  Ihe  remote  echo?  H is  for  the  epigraphisls  to  inform  ns. 

XrVlI  Physiological  Data. — The  Energy  of  the  Arab. 

'I'he  I'.hvsiologhal  problem  relating  lo  the  cnc/r/;/  of  llic  AraJy 
necessiUiled  a series  of  careful  experimenls,  which  I was 
cMiahled  lo  apply  lo  nearly  ‘i.lO  persons  recrmled  all  over 
the  north  of  Africa,  in  order  lo  compare  dilTerenl  races  and 

leri'itories. 

The  slrenglh  of  the  native  varies  from  one  town  to  anothei, 
according  lo  the  economic  conditions.  In  certain  Algerian 
villao-es  Uie  native  is  physically  (iepressed,  and  emaciated  by 

lack  of  nourishment. 

But  even  when  his  diet  is  regular  the  nrlian  worker  is  nearly 
always  stronger  than  the  rural  worker,  the  artisan 
peasant,  hhnploving  the  (hjnamumelev,  I have  lound  that 
liahtermen.  dock-labourers,  etc.,  have  given  proof  ot  the  great- 
est strength  ; next  in  order  come  the  tiller  and  the  cultivator 
of  the  sS)il  ; lastly  the  shopkeeper  or  shop-assistant,  who 
lives  a sedentary  life.  The  first  are  capable  of  an  ellort  almost 
twice  as  great  as  the  last,  and  are  able  lo  sustain  it  longer. 
This  advantage  still  continues  if  we  compare  them  with  oiir 
b'rench  peasants,  but  it  disappears  when  they  are  compared 
with  the  Parisian  artisan,  who  has  long  been  the  subject  of 

mv  investigations.  ,i  * r 

The  consideration  of  work  is  more  interesting  than  that  of 

streno'lh  1 therefore,  caused  my  subjects  to  cainj  burdens, 

varvin..  from  «6  lo  02  lbs.,  al  fixi..!  paces,  walkiiio  on  llic 

narordiml.ini.  a slaircaso.  1 also  made  a mclhodical  use  ol 

mv  l,mkal  aide,  in  o.dcc  lo  measure  llie  work  done  by  lire 

leos  and  to  analyse  the  Iwotold  eileets  of  elTorl  and  pace 

T must  al  oncJ  he  adnnlled  Hint  the.  Moors  and  llie  Kabyles 

are  superior  to  all  llie  Arabs  in  respect  of  llie  amolinl  (>/  ilallji 

of  which  they  arc  capable,  and  llie  raiiidily  ol  Iheir 

moremcnis.  .More  nervously  eonsliUiled,  they  iiislmc  iseiv 

lend  lo  work  rapidly,  and  it  is  dimcnll  lo  moderate  the  swii  Iness 


of  llu'ir  inovtMiRMils.  Tin*  na  lives  of  rim  is,  on  llie  oilier 
liaiul,  adojil  a leisurely  pace,  working'  willi  nonclialance.  and 


(19. A K:\hyli*,  the  vSul)ject  of  an  HxjK'riment  with  tlio 

Krgonietric  Cycle  {Bi.'Ura.  liMtS). 


it  is  bv  no  memis  easy  lo  accelerate  their  movements.  These 

are  noteworthy  characteristics. 

In  industry,  and  in  the.  army,  speed  is  a valuable  factor, 
and  presuiiposes  a small  “ ])er.sonal  eiiuation,”  a neuro- 
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muscular  svstem  whicli  reacts  witliout  delay.  The  Berbers 
appeared  to  tlisplav  the  vivacious  reaction  of  the  I leiich 
workman,  while  the  other  Arabs  displayed  the  slowness  of 
our  peasants,  without  possessing  their  tenacity. 

By  measuring,  on  the  conclusion  of  several  hours  of  work, 
the  degree  of  fatigue  experienced,  and  the  expendituie  of 
energv’',  bv  means  of  the  apparatus  already  described,  I was 
able  to  determine  the  factors  of  the  b<“st  daily  output  (Fig.  69). 

In  the  carrying  of  burdens  with  the  subject  walking  on  the 
Hat,  the  results  were  the  same  as  those  obtained  in  the  case 
of  French-born  subjects.  These  results  have  already  been 
dealt  with  (Chapter  VI.).  When  il  comes  to  climbing  tlie 
Arab  is  less  powerful  than  the  European  or  the  Berber.  He 
should  therefore  be  employed  on  continuous  work,  necessitating 
a moderate  effort,  ecjual  to  44  to  6b  lbs.,  or  on  agiicultuial 
work.  The  Kabyle  alone  is  adapted  to  industrial  work,  and 
to  swift  exertion  interrupted  by  short  and  frequent  peiiods 
of  repose.  Considering  the  amount  of  work  performed  in 
the  day,  under  its  various  aspects,  one  may  reckon  that  5 
Kabyles  are  equivalent  to  6 good  Arab  workers.  The  Moors 
and  negroes  are  in  the  same  category.  Their  enduiance 
appeared  to  be  very  great,  and  their  output  is,  as  a matter  of 
fact,  the  highest.  This  endurance  was  more  particularly 
displayed  by  the  way  in  which  they  resumed  the  same  labour 
several  days  in  succession  without  appearing  to  suffer  thereby. 
Our  colonists  in  Oran  are  well  aware  of  this  ; all  or  nearly  all 
the  labour  they  employ  is  Moorish.”  ^ But  if  .we  take  into 
account  the  intelligence  and  dexterity  of  the  Kabyle  workers, 
it  is  to  these  last  that  our  industries  should  apply  in  order 
to  constitute  their  staffs  of  operatives.  The  Moor,  and  still 
more  the  negro,  should  be  employed  only  as  a labourer. 

XCVIII.  The  Diet  of  the  Arab.— Native  labour  is  tractable 
and  of  excellent  quality  just  so  long  as  its  traditions  aie 
respected.  It  goes  without  saying  that  its  religious  practices 
and  its  community  life  must  be  guaranteed,  for  nothing  can 

1 Jules  Amar,  Le  Rendement  de  la  wachine  humaine,  p.  88. 
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replace  them  ; moreover,  it  would  be  a bad  and  mistaken 
action  to  seek  to  replace  them.  The  Arab  has  everything 
to  lose,  by  contact  with  the  European  worker  and  the  political 
discussions  of  the  tavern.  We  so  little  understand  the  noble 
usage  of  liberty  that  we  find  it  expedient  to  forbid  its 
teaching.  But  I am  more  particularly  discussing  physiological 
conditions  ; and  in  the  first  place  the  alimentation  of  Arab 
workers. 

There  is  not  in  the  whole  of  Northern  Africa  a thatched  hut 
or  cottage  in  which  the  national  dish  of  couscous  does  not 
form  an  indispensable  element  of  the  diet.  It  is  a coarse 
semolina,  rolled  into  small  lumps  by  the  combined  action  of 
a little  water  and  slightly  rancid  butter.  It  is  placed  in  a pot 
with  a perforated  bottom  which  covers  the  pot  or  saucepan 
containing  the  day’s  broth  or  soup  ; even  the  line  of  junction 
of  the  vessels  is  plastered  in  order  to  ensure  a hermetically 
sealed  joint.  The  steam  from  the  broth  thus  passes  through 
the  upper  vessel,  causing  the  contents  to  swell.  In  this  way 
they  are  cooked,  absorbing  the  full  savour  of  the  broth.  The 
couscous  is  served  in  a great  wooden  dish,  the  soup  or  broth 
being  poured  over  it,  while  the  meat  and  vegetables  which 
the  latter  contains  in  abundance  are  used  to  garnish  it. 

The  natives  of  North  Africa  are  extremely  partial  to  couscous, 
and  the  French  colonists  themselves  have  acquired  a taste  for 
it.  It  is,  in  fact,  nourishing,  light,  and  stimulates  the  appetite 
(for  its  composition,  see  the  table  on  p.  109),  and  the  presence 
of  butyric  acid,  due  to  its  rancidity,  increases  its  nutritive 
value.  This  observation,  already  made  by  A'oung  and 
Boussingault,  is  verified  by  my  own  experiments,  for  couscous 
has  yielded  me  an  energetical  output  more  than  15  per  cent, 
greater  than  that  of  bread;  it  is  therefore  more  fully  utilised 
by  the  organism,  probably  because  it  favours  the  digestive 
secretions  both  psychologically  (PavlotT)  and  directly.  By 
reason  of  this  appreciable  advantage,  the  elementary  habits 
of  the  Arab  worker  should  not  be  modified,  except  to  improve 
the  quality  of  his  meals.  Whether  employed  as  industrial  or 
agricultural  workers,  natives  should  be  treated  as  they  were 
formerly  treated  at  my  instance  when  campaigning,  when 
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they  ciuIiuthI  liic  cold  oiid  supported  the  gi cutest  fuliguc. 
The  prol)leiu  ol  wlud  they  should  drink  is  luoie  iinpoituut. 
Tliey  ought  not  to  drink  anything  but  water,  purified  chemic- 
ally'or  by  boiling,  for  water  is  their  customary  drink  ; more- 
over, their  religion  forbids  the  use  oi  fermented  licpiois.  But 
in  spite  of  this  prohibition  drunkards  aie  plentiful  tiinong 
them  ; even  drunkards  of  distinction,  if  I may  use  the  teim. 

Xow  it  is  also  an  Arab  tradition  to  drink  tea  and  coffee, 
which  act  as  nervines,  owing  to  the  caffeine  contained  in  each. 
Colfee  the  Arabs  drink  as  a decoction  ; the  grounds  settle  at 
the  bottom  of  the  cup,  beneath  a turbid,  frothy  liepud  ot  an 
agreeable  savour. 

Tea  is  a favourite  drink  with  the  Moors  ; they  drink  many 
cups  a day,  well  sugared,  and  lUu'oured  with  fresh  mint. 
The  native  disjilavs  his  hospitality  by  an  in\itation  to  take 
coffee  or  tea.  So  long  as  the  Arab  does  not  consume  more 
than  30  grammes  of  roasted  cotlee,  or  5 grammes  of  di\  tea 
in  the  twenty-four  hours,  his  labours  will  merely  be  more 
active  for  it,  and  his  efforts  more  continuous,  while  all  his  food 
will  be  more  fully  utilised,  the  saving  being  on  an  average  5 

per  cent. 

There  are  therefore  economical  foods  and  beverages,  which 
men  seek  after  instinctively,  and  b>  which  one  must  learn  to 

profit  by  avoiding  toxic  doses. 

As  regards  thirst,  which  is  particularly  tyrannical  in  hot 
climates,  and  is  increased  in  summer,  or  by  the  fatigues  of 
manual  labour,  or  of  warfare,  I lun  e succeeded  in  concocting 
a refreshing  drink  which  my  subjects  accepted  with  pleasure. 
It  is  a kind  ot  lemonade,  wiiose  hygienic,  nutritive,  and  tonic 
properties  are  easily  explained.  Here  is  the  lecipe  . 

Sugar  ‘-^5  grammes. 

Water  . . . ■ • • • • 1 litre. 

Lemon  .Juice  . . • • • • litre. 

Wine  (Id  per  cent,  alcohol)  . . ‘dTO  litre. 

This  vinous  lemonade  will  replace  alcoholic  drinks,  and  its 
abuse  results  in  no  inconveniences. 

■ Jules  Amar,  C.R.  Acad.  Sr.,  14  December,  UU4. 
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XCIX.  Climate  and  Acclimatisation.— The  effects  of  the 
climate  of  Xorlli  Africa  have  resulted  in  a mode  of  life  and 
a ])hysiological  resistance  peculiar  to  the  natives,  which  serve 
to  explain  the  nature  of  their  diet.  The  Arab  populations 
ai-e  accustomed  to  live  in  a temperate  region  which  in  several 
})laces  is  torrid.  In  summer  the  heat  considerably  diminishes 
their  capacity  for  work,  for  heat  and  humidity  are  unfavourable 
to  the  contraction  of  the  muscles  and  the  proper  functioning 
of  the  nerve-centres.  However,  they  stand  these  unfavourable 
factors  better  than  we  do  ; they  protect  themselves  by  a 
training  of  the  organic  functions,  and  by  the  protection  afforded 
bv  houses  and  quarters  com])letely  sheltered  from  the  sun. 
To  avoid  the  symptoms  due  to  excessive  perspiration  and 
excessive  absorption  of  the  solar  radiation  the  Arabs  clothe 
themselves  in  wool,  summer  and  winter,  and  in  while  wool 
because  it  is  but  very  slightly  absorbent,  and  is  permeable 
to  the  air,  which  .slowly  evaporates  the  secretions  of  the  sweat- 
glands.  Their  pigmented  epidermis  does  not  become  inflamed, 
radiating  the  heat  in  greater  quantities  than  that  of  the  white 
man.  All  these  defensive  factors  are  annulled  when  the 
Ai'ab  is  transported  to  a cold  climate,  such  as  that  of  the 
north  of  France.  Inevitably  the  resistance  of  the  organism 
is  lessened,  lime  is  recpiired  to  restore  it  to  its  former  level, 
for  acclimatisation  is  always  a very  gradual  phenomenon  ; 
it  progresses  slowly,  as  we  have  already  seen.  It  results  from 
a series  of  elementary  transformations,  in  which  the  living 
cell  plays  the  essential  part  ; and  it  depends  on  a large  number 
of  circumstances.  The  health  is  protected  against  low  tem- 
peratures by  the  nervous  mechanisms  which  adapt  the  intensity 
of  the  vital  combustion  to  our  needs,  and,  by  means  of  the  vaso- 
motor nerves,  make  the  circulation  of  the  blood  increasingly 
active.  These  mechanisms  act  regularly  when  one  is  acclima- 
tised, or  accustomed  to  the  cold,  and  their  automatism  is 
not  in  any  way  subject  to  failure.  But  when  the  external 
heat  has  for  a long  time  condemned  them  to  inaction  and 
rendered  them  almost  useless,  they  acquire  a considerable 
inertia,  and  they  then  require  an  actual  functional  re-education. 
In  subjects  who  are  changing  from  a hot  climate  to  a cold  one 
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the  I’ogulaliiig  nervous  medumisms  have  siuldeii  demands 
made  uj)on  Uiem,  and  arc  unalile  Lo  react  to  the  necessaiy 
extenU  all  the  more  so  in  that  the  cliemical  reactions  of  the 
bodv  have  become  lethargic.  Consccjuently  a vicious  circle 
is  esdablished  in  the  operations  of  physical  life.  The  cells  are 
no  longer  capable  of  increasing  their  caloritic  iiroduction,  and 
of  protecting  Ihe  health  against  the  rigours  of  the  cold. 

The  cruel  experiment  will  be  remembered  of  which  the 
Creole  contingents  from  Martinique  and  Guadeloupe  were 
the  victims.  Brought  to  France  by  a hasty  decision,  many 
of  these  conscripts  quickly  perished.  The  sudden  variations 
of  temperature  alone  were  to  be  blanu'd.  Between  the  climate 
of  the  Antilles  and  that  of  France  there  is  a ditTerence  of 
temperature  of  22^  to  29^  and  the  hygrometric  conditions  are 
very  dilTerent.  41ie  conditions  were  violently  antagonistic 
to  the  phvsiological  evolution  of  these  natives. 

However,  I had  advised  that  in  the  case  of  the  Cieoles, 
as  in  that  of  the  Arabs,  the  classes  should  be  called  to  the 
colours  in  the  month  of  April,  and  that  the  men  should  be 
sent  into  barracks  in  Provence  ; or  that  they  should  be  sent 
to  various  portions  of  Tunis,  where  they  would  be  ready  for 
emplovment  on  our  eastern  frontier  in  the  Septembei  man- 
oeuvres. 

It  was  this  last  course  which  was  adopted,  unhappily  too 
late,  in  spite  of  the  opposition  of  a great  newspaper,  which 
was  in  favour  of  repatriating  the.  Creoles  without  moie  ado. 

Abstention  is  a virtue  of  ignorance. 

The  same  precautions  should  be  taken  with  regard  to  the 
Arab  labourers,  of  whom  nearly  20,000  were  occupied  in  our 
industries  before  the  war  ; they  should  be  first  employed  in 
the  south  of  France,  and  should  not  be  sent  into  the  northern 
provinces  until  two  or  three  months  have  elapsed.  Ho^\e\er, 
the  Ivabvles  and  the  mountain  folk  from  the  Atlas  lange 
resist  the  cold  better,  and  become  accustomed  to  it  more  rapidly. 
They  are  familiar  with  the  severest  winters  ; their  nerves  and 
muscles  have  been  braced  by  the  cold  of  the  snows.  Well 
fed,  and  surrounded  by  hygienic  precautions  of  which  they 
^ See,  for  example,  La  Petite  Repu'Mqne,  12  July,  1913. 
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luive  not  the  remotest  idea,  hut  wliich  the  manufaclurer  will 
be  able  to  ensure,  they  will  endure  the  greatest  fatigue  and 
the  severest  winter  without  any  impairment  of  theii  strength. 

All  that  applies  to  industrial  organisation  applies  with  equal 
force  lo  military'  organisation.  But  all  would  be  impossible, 
acclimatisation  and  training  would  alike  be  useless,  were  not 
energetie  measures  taken  against  alcoholism. 

C.  The  Cost  of  Arab  Labour.-  Such  is  the  duty  incumbent 
ui)on  Governments  and  manufacturers  at  the  moment  when 
the  economic  life  of  the  country  is  about  to  overllow  its  bed, 
to  sweep  away  the  I’uin  and  abomination  wi ought  by  man. 
The  reserves  of  the  army  of  labour  must  be  preparer!.  Now 
in  Algeria  250,000  natives,  or  2 of  the.  population,  are  in 
the  service  of  the  colonists.  They  work  nearly  12  hours 
daily,  their  meals  are  irregular,  and  they  are  exploited  by  those 
of  their  co-religionists  who  recruit  them,  and  indemnify'  them- 
selves corruptly'  and  fraudulently'  for  their  good  ollices.^ 

Wages  are  very  low,  but  the  quality'  of  the  labour  is  indilTer- 
ent.  To  tell  the  truth,  these  men  are  not  acquainted  w'ith  any' 
craft  which  reveals  a method,  or  any'  art  requiring  study'. 

The  fault  of  our  colonisation  w'as  precisely'  that  it  dis- 
regarded the  virtue  of  apprenticeship  and  technical  instruction, 
to  the  ])oint  of  otTering,  as  a substitute,  I know'  not  what  empty' 
literature,  in  w'hich  the  Arabs  indulge  themselves  while  they'  go 
short  of  bread.  They'  love  glitter  and  tinsel,  and  they'  have 
been  allow'cd  to  believe  that  degrees  and  diplomas  and  the 
liberal  professions  lead  w'ithout  effort  to  otlicialism.  Hence 
their  ardent  ambition  for  civic  rights.  The  Government  should 
have  pursued  quite  a contrary  course  ; should  have  multiplied 
industrial  schools,  and  should  have  taught  in  them,  together 
W'ith  the  indispensable  elements  of  our  language,  all  the  useful 
crafts,  industrial  and  agrici  Itural  : not  only  in  order  to  render 
our  colonies  prosperous,  to  stimulate  the  activity'  ot  those  who 
inhabit  them,  and  often  to  save  them  from  starv'ation,  the 
mother  of  crime  ; but  also  in  order  to  form  w'orkmen  w'ho 
might  one  day  usefully  be  sent  to  France. 

> .Jules  Amar,  Report  to  M.  Rene  Viviani,  Minister  of  Labour,  3 April,  1909. 
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The  love  of  work  has  no  other  source  than  the  well-being 
which  it  procures.  The  Aral)  makes  an  ardent  and  even  a 
devoted  worker  or  soldier,  on  the  sole  condition  that  his  daily 
bread  is  guaranteed  to  hini.^  Our  politicians  appear  to  under- 
stand this  now,  thanks  to  their  own  observations  and  the 
impartial  experience  of  some  of  our  colonists.  For  nations 
ami  races,  since  the  dawn  of  humanity,  have  felt  their  solidarity 

oiilv  hv  reason  of  the  infrangible  chain  of  interest. 

CL— During  the  course  of  the  present  war  a certain  amount 
of  \nnamite  labour  has  lieen  employed.  The  Annamites  have 
certain  allinities  with  the  Malays  and  the  .Japanese  ; tliey  are 
intelligent  and  hard-working,  and  they  make  good  industrial 
workers,  hut  in  their  manners  and  customs  they  are  far  iiioie 

alien  to  us  than  are  the  Arabs. 

To  conclude  : it  is  hardly  conceivable  that  I should  have 

written  so  much  of  laliour  without  declaring  that  the  right  to 
work  is  indefeasible.  It  is  obviously  the  right  of  all,  for  the 
right  of  each  depends  upon  it  ; the  converse  is  not  true.  As  1 
remarked  when  speaking  of  strikes,  the  true  solution  of  he 
social  problem  is  to  he  found  in  the  better  organisation  of  he 
conditions  of  life,  and  in  well-drafted  laws.  To  be  perfect,  the 
work  of  the  legislator  should  be  based  upon  experimental 
science,  and  the  highly  exact  teachings  of  the  physiology  o 
work;  but,  above  all,  it  should  be  applied  hherallij  to  al 
workers,  men,  women,  and  children;  to  the  grouped 
workers  of  the  city  as  to  the  peasants  lost  in  the  i;ecesses  of 
their  hills  or  vallevs.  It  is  by  integrity  and  impartiality  that 
the  politician  impresses  himself  upon  human  societies  ; some- 
times even  upon  cultivated  societies. 

' Jules  Amar,  Epistolary  Report  addressed  on  4 Jime,l!)09,  to  M.  G.  Cldmen- 
ceau.  President  of  the  Council  of  Ministers. 


CIIAPTKH  X 

THE  RE-EDUCATION  OF  WAR-CRIPPLES  > 

I Vv\cr\os\L  HK-KDrCATlON 

Cl  I.  Science  and  the  human  conscience  were  confronted 
by  a serious  j)robleni  wlien  it  l)ecame  necessary  for  lliem  to 
turn  their  attention  to  tlie  labour  of  wounded  soldiers,  the 
glorious  victims  of  this  most  liorrible  of  wars.- 

This  ])roblem  has  naturally  stirred  the  noblest  minds,  and 
has  canvassed  all  dej^artments  of  knowledge.  I shall  not 
attempt  to  recall  all  the  efTorts  which  have  been  made,  both  in 
France  and  elsewhere,  to  perform  useful  work  in  this  direction. 
As  a rule  insj)iration  was  derived  from  the  rather  out-of-date 
example  of  the  Scandinavian  countries.  There  are,  in  fact, 

* I have  expanded,  in  this  chapter  and  those  following,  mv  article  in  the 
Journal  da  Physiologies  p.  821,  1915,  and  my  lecture  on  the  subject  of  assisting 
war-cnpples,  at  which  M.  Painleve,  .Alinister  of  Public  Instruction,  was  in  the 
chair.  (This  lecture  was  imblished  as  a booklet  by  MM.  Dunot  et  Pinat,  Paris.) 

^The  French  language  is  richer  than  the  English  in  terms  denoting  persons 
who  have  suffered  amputation,  who  are  cri])j)led  by  wounds  or  accidental  injuries, 
or  whose  health  has  been  temporarily  or  permanentiy  imjiaired.  As  some  of 
these  terms  have  no  equivalents  in  English,  the  translator  is  obliged  to  com- 
promise. The  adjective  im-potent  or  invalid  will  be  used  to  denote  any  }jerson 
in  whom  the  impaired  functions,  for  anatomical  reasons,  cannot  be  restored. 
The  infirm  subject,  on  the  other  hand,  may  recover  the  impaired  functions. 
The  ivar^cripple  may  be  invcdid  or  infirm  \ he  has  lost  a limb,  or  a segment  of  a 
limb,  or  some  other  liodiiy  organ.  This  term  will  include  those  who  have  suffered 
the  mutilation  or  amputation  of  an  organ  of  locomotion.  In  general,  it  signities 
one  who  is  infirm,  or  has  suffered  mutilation,  through  the  agency  of  external 
causes;  it  is  used  to  signify  any  badly  wounded  soldier  who  has  suffered  func- 
tional loss  or  damage.  These  terms  are  necessarily  employed  to  replace  a variety 
of  French  terms,  but,  the  translator  believes,  with  no  real  distortion  of  meaning. 
— (Translator.) 
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organisations  for  the  assistance  of  persons  who  have  lost  one 
or  more  limbs  in  Denmark,  Sweden,  and  Norway.  The  Copen- 
hagen organisation,  due  to  the  initiative  of  I astor  Hans 
Knudsen,  is  the  oldest  (1872).  Those  of  Stockholm  and 

Christiania  were  created  20  years  latei.  And  o w 
country  we  turn  our  eyes,  we  see  that  those  who  emulated 
Knudsen  were  inspired  always  by  the.  conception  of  assisting 
the  lame  and  crippled,  of  really  helping  them,  and  affording 
them  benevolent  relief.  We  have  here  a religious,  or  if  you 
prefer  a moral  conception,  traces  of  which  are  found  m the 
most  ancient  civilisations.  But  owing  to  the  lack  of  a scientific 
basis,  and  an  ignorance  of  social  pn.blems, 
ever  made  to  provide  the  wounded  soldier 
re-education,  even  after  the  wars  which  from  1854  to  187 

drenched  Europe  and  America  with  blood. 

The  time  has  come,  I believe,  to  organise  the  work  of  the 
wounded,  in  such  a manner  that  each  shall  fill  his  true  place 
in  the  social  machine,  contribute,  as  best  he  can  to  its  operation, 

and  thereby  advance  toward  prosperity. 

The  object  of  this  organisation  is  therefore  to  utilise  liiinian 

capacilics  ralionMy.  even  when  they  nre  diniinishecl,  ami 
within  Uic  limits  ot  a normal  life.  Ihe  piobleni,  as  I'  • 
Viviani  veniarkeil,  “ is  lo  rise  from  the  somewhat  interior 
water-mark  ot  assistaliee  lo  Unit  ot  forethought  by  iiieails  o 

labour.”  ^ 

cm  The  Necessity  of  employing  Wounded  Soldiers. 
-This!  no  doubt,  is  in  its  essence  a technical  and  scientific 
problem,  which  has  been  reserved  for  our  own  times  ; but  it  also 
Llongs  to  that  order  of  social  questions  into  which  enter,  in 
proportions  which  I cannot  well  define,  legislative  action,  and 

political  action,  in  the  higher  sense  of  the  term. 

We  must  not  indeed  forget  that  on  its  solution  depend  both 
the  moral  and  material  future  of  many  thousands  of  Frenc  i 
and  English  families,  and  the  economic,  range,  as  yet  so  limited 
of  France  If  we  wish  to  stimulate  industrial,  commercial,  an 
agricultural  labour,  no  eflort  must  anywhere  be  lost  or  squan- 
1 From  a speech  by  M.  Ren6  Viviani,  Keeper  of  the  Seals,  before  the  Senate, 
on  10  March,  1916. 
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dered.  This  is  the  condition  of  national  wealth.  We  have 
already  remarked  that  for  some  years  the  supply  of  labour 
has  been  growing  more  and  more  scanty.  Workers  and 
employees  have  been  lacking  not  only  in  respect  of  quality, 
but  also  of  numbers.  What  will  it  be  to-morrow  ? 

Such  are  the  speculations  aroused  by  the  problem  of 
our  wounded  soldiers,  and  those  injured  in  industrial 
accidents,  in  respect  of  the  reserves  of  energy  with  which 
thev  would  endow  the  nation,  were  their  industrial  and 
commercial  aptitudes  exploited,  so  to  speak,  and  reinforced 
by  a methodical  re-education,  with  a view  to  immediate 
employment. 

To  confine  our  attention  to  the  war-cripples  only,  80  per 
cent,  of  these  are  capable  of  re-education,  and  could  resume 
their  position  in  the  social  ranks,  secure  of  earning  sufficient 
salaries  and  wages.  They  may  be  divided  into  those  wdio  can 
be  re-educated  unconditionally,  who  constitute  about  65  per 
cent.,  and  those  w'ho  can  be  re-educated  conditionally  : in  the 
sense,  that  is,  that  they  require  specially  equipped  workshops, 
while  the  former  do  not ; a difference  which  involves,  in  the 
case  of  the  latter,  a certain  difficulty  in  obtaining  employment, 
in  overcoming  the  reluctance  of  employers,  wdio  are.  in  general 
but  little  inclined  to  go  to  the  expense  of  this  special  equip- 
ment for  w'ar-cripples.  But  w'e  rightly  desire  the  employment 
of  these  wounded  soldiers  to  bt  surrounded  by  all  those  guaran- 
tees wdiich  will  make  it  a durable  arrangement,  to  the  salis- 
faction  of  the  interested  parties. 

How'ever,  do  not  let  us  be  the  dupes  of  appearances.  The 
wounded  soldier,  or  the  victim  of  amputation,  possesses  a 
cajiacity  for  work  wiiich  is  perfectly  capable  of  complete 
utilisation  ; he  represents  a value  which  is  sometimes  integral. 
He.  may  even  make  up  for  his  physical  deficiency  by  an  efficaci- 
ous good-will,  wiiich  increases  his  output.  This  is  a psycholo- 
gical fact,  by  which  teachers  and  employers  should  profit, 
for  it  is  undeniable.  The  French  soldier,  with  whom  I have 
been  associating  for  the  last  eighteen  months,  has  invariably 
displayed  an  admirable  spirit  of  courage,  coolness,  and  resolu- 
tion. Sometimes  a few’  words  of  consolation,  or  better  still. 


It'll 
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of  good  advice,  were  necessary.  Xevei  did  he  refuse  lo  listen 
to  qualified  advice. 

The  numerous  wounded  soldiers  who  have  not  suliered 
amputation,  hut  display  an  incapacity  for  work,  which  of  course 
differs  in  degree,  are  more  or  less  rapidly  re-adapted,  and 
are  able  to  dis])ense  with  technical  re-education  ; though 
they  sometimes  need  to  complete  their  general  education,  in 
order  that  thev  may  turn  their  attention  to  office  work  of 
some  kind  ; and  such  education  will  in  all  respects  be  of  value. 
We  may  therefore  say  that  barely  20  per  cent,  of  tho.se  who 
have  suffered  amputation,  a veiy  small  proportion  of  wounded 
soldiers  who  are  completely  invalided,  and  the  majority  of 
the  blind,  will  be  subjects  for  relief  oi  assistance  only,  which 
in  France  falls  within  the  pro\ince  of  the  Ministry  of  the 

Interior. 

But  the  great  majority,  fortunately,  that  is,  all  who  are 
capable  of  re-education,  are  waiting  for  a scientific  organisation 
which  shall  restore  them,  by  trustworlhy  paths,  to  the  profes- 
sions in  which  each  will  give  his  full  measure.  They  under- 
stand that  to  fall  back  upon  public  assistance  or  private  charity 
is  a degradation  for  the  man  who  is  .still  capable  of  working 
with  hands  or  brain.  And  I am  in  a position  to  declare  that 
the  heroic  soldiers  of  1914  were  always  far  from  entertaining 
depressing  ideas,  or  of  giving  way  to  the  instinct  of  the  least 
effort,  although  it  would  have  been  quite  excusable  if  they 

had  listened  to  its  promptings. 

Such  are  the  reasons  which  have  led  me  to  define  an  enicacious 

method  of  re-education,  and  to  expound  a programme  of 
action  relating  to  the  organisation  of  the  work  of  wounded 
soldiers.  The  many  applications  of  this  method  and  this 
programme  which  have  been  effected  in  various  countries 

afford  proof  of  their  reliability. 

CIV.  The  General  Principles  of  Re-Education. — To  my 
mind,  re-education  should  comprise  three  periods.  Duiiiig 
the  first  period,  that  of  functional  re-education,  it  is  necessary 
to  analyse  the  movements  of  the  subject,  in  order  to  determine 
his  functional  condition,  to  restore,  as  far  as  possible,  his  former 
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motor  capacity,  and  linally,  to  make  sure  that  prolonged  exei- 
tion  does  not  threaten  to  impair  the.  resistance  of  the  organism. 

During  a second  period,  we  endeavour  to  make  up  for  the 
deficit  caused  by  the  infirmity,  by  a system  of  orthopaedics  ; 
subjects  who  have  suffered  mutilation  or  amputation  will  be 
fitted  with  suitable  prolhelic  appliances;  and  then  com- 
mences tlie  professional  re-cducalion  properly  so-called,  \\hich 
is  the  third  and  last  period.  As  soon  as  this  is  completed 
we  find  employment  for  our  wounded  soldiers.  It  is  obvious 
that  those  in  whom  some  slight  infirmity  has  made  its  apjieai- 
ance,  or  those  who  are  capable  of  immediate  orthopaedic 
treatment,  will  without  delay  resume  their  former  vocations. 

At  all  events,  they  could  do  so. 

But  if  the  infirmity  is  more  serious  or  more  extensive,  and 

if  it  is  refractorv  to  all  functional  re-education,  or  to  any 
sinqile  mechanical  substitution,  we  must  consider  the  advis- 
ability of  a change  of  vocation. 

The  question  of  a change  of  profession,  which  may  result 
in  tlie  loss  of  experience  laboriously  acquired,  of  a valuable 
and  often  a lucrative  nature,  is  one  which  must  be  approached 
with  caution.  Nevertheless,  re-ap])renticeship  is  occasionally 
a necessity.  It  is  so  in  the  case  of  many  war-cripples,  especi- 
ally those  who  have  suffered  amputation  of  the  arm. 

CV.  The  Functional  Re-Education  of  the  Wounded. — 1. 

'fill-  Infirm.— Let  us  consider  the  first  of  these  three  periods, 
known  as  the  period  of  functional  re-education.  In  this  we 
deal  with  the  motor  capacity  of  the  subject  and  his  physiologkal 
value.  We  shall  employ,  in  this  connection,  the  technical 
methods  mentioned  above  (p.  Vlo),  while  endeavouring  to 
re-establish  the  normal  mobility  of  the  articulations  and  the 
synergv  of  the  muscles.  We  must  not  lose  sight  of  the  fact 
tiiat  the  movement  of  a limb  is  accomplished,  practically,  in 
a determined  plane,  and  that  if  we  can  get  it  to  accompbsh  its 
maximum  amplitude  of  movement  in  this  plane  any  oi.ier 
movement  is  by  this  very  fact  made  feasible  , the  m.nt  so  as 
the  exercises  on  the  cycle,  the  cheirograph,  or  the  bulb 
dvnamograph  involve  the  exertion  of  strength. 
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In  any  case,  we  must  aim  at  practual  results.  Lxperience 
shows  that  the  mobility  which  is  gradually  restored  to  the 
articulations,  up  to  the  limits  imposed  hy  the  necessities  of 
industrial  or  profession  life,  the  increased  strength  which  is 


the  correlative  of  this 
activity  which  ensues, 
Work  is  then  ])ossihle. 


mohilily,  and  the  reparative  humoral 
form  a united  and  self-suflicing  whole, 
and  will  favour  I lie  motive  iiower  of 


he  organs.  ...  ■ 

With  the  ergometric  cvcle  the  great  articulations  aie  quickly 

•e-educated,  within  the  limits  of  their  normal  and  habilnal  scope, 
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whether  for  walking  or  the.  handling  of  tools.  Ihe  cheiro- 
graph  ensures,  more  strictly  and  elTectively,  the.  mohilisation 
of  the  rigidities  localised  in  the  lingers  or  the  wrist.  Ihe  trac- 
ings made  hy  the  ]iatient,  during  the  progress  of  the  treatment, 
are  compared  with  a normal  tracing  (Fig.  70), 
representing  the  elTorts  of  the  sound  hand.  The 
muscles  of  the  hand  are  finally  strengthened  and 
made  supple  hy  means  of  the  bulb  dynamo- 
graph,  a sinqile  and  rational  means  of  exercise. 

(iases  of  weakness  or  lack  of  power  rapidly 
im])rove  under  such  treatment,  and  in  a great 
numher  of  cases  no  trace  of  constraint  remains. 

After  exercise  massage  should  be  applied,  as  this 
assists  the  process  of  improvement. 

In  other  cases  the  infirmity  requires  long  and 
laborious  treatment  ; hut  one  should  never 
despair  of  the  resources  of  training,  or,  at  least, 
should  not  despair  of  obtaining  an  improvement 
which  will  make  it  possible  to  re-adapt  the 
wounded  soldier  to  a calling  suited  to  his 
infirmity. 

A large  numher  of  men  wounded  in  the 
lower  limbs  are  obliged  to  employ  crutches, 
either  permanently  or  for  some  considerable 
time.  It  is  important  that  these  should  not 
cause  a diminution  of  mobility  ; re-education, 
on  the  contrary,  should  profit  hy  their  use, 
gradually  training  the  legs  and  accustoming 
them  to  resume  their  normal  activity. 

Hitherto  the  types  of  crutches  in  use  have 
not  prevented  the  occurrence  of  19  cases  of 
paresis  among  every  100  users  of  crutches. ^ The 
majority  of  those  who  escape  this  inlirmity 
owe  their  escape  to  the  fact  that  they  bear  upon  the  cross-bar 
in  the  middle  of  the  crutch  rather  than  on  the  shoulder-piece. 
But  this  pressure  of  the  hands  is  fatiguing  ; moreover,  there 
is  less  stability  of  gait.  And  the  employment  of  crntch- 


Fu:.  71. 
Adjustable 
Physiological 
Crutch. 


> Tuffier  and  Aniar,  C.  R.  Acad.  Sc.,  Vo!.  CLXL,  ]>.  o02,  13  September,  UHo. 


Pressure  oP  both  hands 


Time  in  seconds 


Fracture  oF  leFt  wrist 


L.  A/lain,  38  years 
(packer) 

June  1315 
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sticks,  with  a spring  to  siijiporl  the  fore-arm,  was  only  an 

expedient  (Tullier  and  Amar).' 

Later  on  I devised  the  adjustable  crutch  (Fig.  71)  which  gives 
me  complete  satisfaction.  The  shoulder-piece  is  supported 
laterally  on  springs,  of  suitable  strength,  which  act  as  shock- 
absorbers,  and  bear  the  weight  of  the  body,  imparting  to  it 


Simple,  practical,  and  very  durable,  this  adjustable  crnici 
fulfils  the  physiological  conditions  to  be  required  of  an) 
crutch,  the  mechanical  conditions  being  fullilled  by  all  models 


Subject  iisiiig  Crutches, 


Yig,  72.— Investigation  of  Fatigue  in  a 

a sort  of  oscillation,  which  accelerates  the  movement  of  propul- 
sion and  lessens  the  axillary  pressure.  Moreover,  the  appliance 
is  fitted  with  a cross-bar  which  can  be  adjusted  at  will,  theextent 
of  the  said  adjustment  being  3-6  inches ; while  the  lower  portion 
consists  of  two  tubes,  one  of  which  slides  into  the  other,  so 
that  the  crutch  may  be  adjusted  to  the  height  of  the  user.- 
‘Jules  Amar,  La  Xature,  29  April,  1916,  pp.  287-8. 

’ The  average  height  of  a crutch  is  50  inches  for  a man  l>et\veen  5 feet  6 inches 
and  5 feet  8 inches  in  height.  The  cross-bar  is  3:F5  inches  from  the  ground. 


Tracings  made  by  an  infirm  Subject  undergoing  Re-education, 
ork  represented  is  filing  Metal.  (At  the  end  of  a fortnight.) 

y a stick,  whatever  its  form,  'fhe  wounded  soldier 
1,  by  succe.ssive  stages,  to  rely  less  and  less  on_the 
port  of  the  arrniiits,  and  to  employ  the  muscles  of 
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sli('l<s,  with  a spiin,<>  to  su|)|H)I'1  tin*  lori“-ann,  was  only  an 
expedient  ( rullior  ami  Ainai  ).' 

Later  on  1 devised  the  adjustable  eriileh  (h'ii».  71)  which  gives 
me.  eomplete  satist'aetion.  I'lie  shonlder-pieee  is  snp|)orled 
laterally  on  springs,  of  suitable  sti’engtli.  which  act  as  shock- 
absorbi-rs.  and  beai'  tlie  weiglit  of  tlie  body,  inip:irting  to  it 


T'i.  Invcstifration  of  fatium-  in  a Siil>jfct  usiiii;  Cnitilics. 


a sort  of  oscillation,  which  accelerates  tlie  movement  of  proiml- 
sion  and  lessens  the  axillary  pressure.  -Moreover,  the  appliance 
is  titled  with  a cross-bar  which  can  be  adjusted  at  will,  the  extent 
of  tlie  said  adjustment  being  d-b  inches;  while  the  lower  portion 
consists  of  two  tubes,  one  of  which  slides  into  the  other,  so 
that  the  crutch  maybe  adjusted  to  the  height  of  the  user.- 

‘ Jules  Amar,  La  April,  pp.  2S<-S. 

^ 'I’he  averat*-e  height  of  a crutch  is  50  inches  for  a man  lietween  o feet  5 inches 
and  5 feet  8 indies  in  heiglit.  Tlie  cross-1, ar  is  indies  from  tlie  groumi. 


t 
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Sim])lo,  praclicol,  and  very  (lural)K*,  this  adjustable  crutch 
fullils  the  physiological  conditions  to  be  rctpiircd  ol  any 
crutcli,  the  mcclianical  conditions  bcin^  lullillcd  by  all  models. 


Fracture  oF JeTt  wrist 

L.AIfain.  years 


(packer) 

June  ISIS. 


Fic.  73.  Tracings  niatle.  by  an  inlinn  Subject  undergning  lie-education. 

The  Work  reiuesentcd  is  tiling  Metal.  (At  the  end  of  a fortnigld.i 

but  never  by  a stick,  whatever  its  form.  The  wounded  soldier 
must  be  led,  bv  successive  stages,  to  rely  less  and  less  on_the 
double  suifport  of  the  armpits,  and  to  emiiloy  the  muscles  of 
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the  limbs,  without  fatiguing  them.  Tliat  he  docs  not  do  this 


I am  able  to  assure  myself  by  measuring  the  respiratory 
energy. 


I 


1 


pressure  0^  both  hshWs  ort  viGO 


Thrust  oF  right  hand 


Pressure  of  left  hand 


Thrust  of  left  hand 


THF.  RF.-EDUCATION  OF  WAP.-CRIPPLES  -O/ 

CVI.  Results.— 1 shall  not  speak  of  the  results  obtained 
already  in  the  numerous  cases  in  which  these  principles  of 
functional  re-education  have  been  applied.  I he  majority  of 
patients  who  owe  to  these  j)rinci])les  the  restoration  of  their 


Tfme  in  seconds 

* *• t I * 


Louis  AH  am 

Fraction  oF  lower  extremity 
of  radius. 

5^^  July  ISIS 

• r .....  . ■ . -'V  ■ • 


Fu;.  75.  The  siiue  at  the  etui  of  Five  AVeeks. 


dynamical  capacity  have  also  been  re-educated  i)rofessionally  or 
technically,  and  in  the  professional  movements  performed  by 
them  one  observes  the  certainty  and  the  efficacy  of  the  physio- 
logical methods  whicli  we  have  just  expounded.  I will  mention, 
for  example,  the  case  of  a fracture  of  the  wrist,  accompanied  by 


i 


t 


Pressure  oF  leFti  hand 


\hand 


Thrust  oF  left 


Dedercq. 
machinist, 
!4  July  1315 


Elonhation  oF  the 
rigth  brachial  plexu 
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a hand  with  the  fin£>ers  Hexed  like  the  petals  of  a bell-flower; 
the  almost  eoinjilete  anchylosis  of  the  right  shoulder,  resulting 
from  a bullet-wound,  which  yielded,  giving  a degree  of  mobility 
which  enabled  the  ])atienl  to  resume  his  work  as  ticket  ins])ector 


the  almost  comjilete  rigidity  of  the  articulations,  logs.  73 
to  75  show  how  rapidly  power  and  movement  were  re-estab- 
lished, enabling  the  subject  to  resume  his  work.  The  cheiro- 


Hesult  of  the  Ke-educatioii  of  a case  of  complete  Anchylosis  (tf 

the  Shoulder. 


)iie  by  a wounded  Soldier  at  tlie  outset  of  his 
Ke-education. 


on  the  Paris  Metro]iolitan  Railway  (Fig.  77) ; a similar  case 
affecting  the  left  shoulder  and  elbow  of  a young  soldier  who 
was  already  sulTering  from  scoliosis,  but  was  able  to  rejoin 
the  army  after  a few  weeks  of  energetic  treatment  ; rigid 
fingers ; paralysis  of  the  hand,  of  varying  severity ; and 


graph  exercises  are  in  this  connection  of  remarkable  value. 
An  elongation  of  the  right  brachial  plexus,  whose  etfects,  at 
the  outset,  are  seen  in  Fig.  76,  left  no  visible  consequences. 
A complete  anchylosis  of  two  fingers  (the  first  and  third) ; 


iH*”*^*' 


Pressure  oF  both  tands 


Thrust  oF  right  h 


Pressure  oF  leFt 


hand 


Thrust  oF  leFt 


hand 


Time  tn  secon 


Dedercq. 
machihist, 
!4  Ju  ly  1915 


Elonhation  oF  the 
pighf  brachial  pIcK 
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a haial  wilh  llir  linj^ri's  IIcxcmI  liki‘  Iho  |»i‘lals  of  a hcll-llowcr  ; 
tlu‘  alninsi  cnuiplrlc  aiirhylosis  of  Hu*  rii»ht  shouldiT,  ivsultinij 
from  a bnllrl-wniiml.  which  yielded,  j^iviiiif  a decree  of  m(»l)ility 
which  iMiahled  Hu*  paliiad  to  resiimi'  his  work  as  ticket  inspt*cloi* 


the  almost  com|>lele  I'iijidily  of  the  articulations,  bii^s* 
to  7.)  sliow  how  ra|»idly  power  and  movement  were  re-eslab- 
lished.  enabling  Hic  subject  to  resume,  his  work.  'The  cheiro- 


\licll  vlnsi.-  Ill 


m1  {\ii‘  i<Mi  <»1  i\  t*asc  < 

t lie  SlinlllUcr. 


Wtiik  witli  tln‘  Kile  l»y  a \voutnii‘i|  Soldier  at  the  nutlet  of  lii 

Ije-rdin  at  ion. 


iris  Metropolitan  liailway  77);  a similar  case 

the  left  shoulder  and  elbow  of  a youiiii  soldier  who 
dv  sulTerini^  from  scoliosis,  but  was  al)lo  to  rejoin 
after  a few  weeks  of  t*neri,udic  treatment  ; rigid 
paralysis  of  the  hand,  of  varying  severity : and 


graph  exercises  are  in  this  connection  of  ivmarkable  value 
An  elongation  of  the  right  braclnal  ])lexus,  whose  elTects, 
the  outset,  are  seim  in  hdg.  7(i,  left  no  visible  consecpiences 
A complete  anchylosis  (tf  two  lingers  (the  lirst  and  third) 


ir.'  • 

. - . 

. d 

« ■“ 

I V 

mJ  ^ • ' f ‘ ^ j 

Work  of  wounded  Sofditr 


Total  eFFort  on  vfCe 


Thrust  oF  right  hand 


Thrust  oF  leFt  hand 


DeidFosse,  Albert, 
Ablation  oF  the 
lower  third  oF  ulna 
13  ’ 16 
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osseous  ablations  of  the  fore-arm  (Fig.  78)  : in  all  these  cases 
nothing  was  left  of  the  initial  intirinilv  but  traces  which  were 
practically  negligible. 

If  I were  to  give  a tabulation  of  the  daily  increase  of  ampli- 
tude revealed  bv  the  movements  of  the  articulations,  and  of 
the  muscular  strength,  scrupulously  observed  by  means  of 


tion  of  the  j)atient  in  respect  of  useful  or  professional  labour, 
and  that  this  must  be  regulated  according  to  the  physical 
and  moral  condition  of  the  patient. 

While  the  number  of  those  who  sutler  from  some  infirmity 
due  to  wounds  received  in  war  or  to  the  accidents  of  the  work- 
shop is  very  considerable,  the  number  of  those  who  have 
sulTered  amputation  is  no  less  considerable.  The  consideration 
of  such  cases  forms  quite  a special  study,  owing  to  the  necessity 
of  a precise  evaluation  of  the  functional  loss  involved  by 
this  or  that  mutilation,  and  to  the  means,  which  are  fairlv' 
complex,  of  remedying  this  loss  by  proihesis. 


CVH. — -2.  W.\r-Cripples. — Tin-:  Functional  Valie  of 
THE  Stumps.^  -The  re-education  and  the  functional  value  of  a 
stump  must  be  considered  from  two  points  of  view — that 
of  physiology,  and  that  of  prothesis. 

Usually  nothing  is  attempted  beyond  the  eslimation  of 
the  loss  of  slrenglh  resulting  from  the  amputation.  There  is 
no  further  analysis  of  the  consequences  involved  by  the 
amputation,  or  of  the  means  by  which  they  might  be  avoided. 
Now  it  must  be  remembered  that  amputation  does  not  merely 
diminish  the  muscular  activity,  considered  in  its  mechanical 
factors  : the  force  exerted  bv  the  muscles,  and  the  bonv  lever 
u])on  which  they  act.  It  profoundly  atlects  the  histo-physio- 
loyical  developmenl  of  the  entire  member,  even  under  the  most 
normal  circumstances,  and  in  the  absence  of  any  complication. 
Particularlv  does  it  affect  the  sensorv  svstem,  which,  as  we 
have  seen,  exhibits  a strict  solidarity  with  the  motor  system. 
The  result  is  a diminution  of  functional  capacity,  which  no 
one  has  as  yet  attempted  to  estimate.  Yet  this  estimation 
is  of  considerable  importance,  as  a guide  to  the  prothesis 
and  the  industrial  re-adaptatioii  of  the  victims  of  mutilation  ; 
above  all  when  it  is  admitted  that  the  sensibility  of  the  stumps 
is  susceptible  of  education  to  a degree  of  which  absolutely  no 
conception  had  been  formed,  as  we  shall  presently  see  is  the 
case.  To  accomplish  this  sensory  education  of  the  stumps, 

* Jules  Amar,  C. /?.  AcacL  6'c.,  29  May  and  5 June,  1916,  Vol.  CLXIL,  pp.  843 
and  887. 


Early  stages  of  the  Re-education  of  a wounded  Soldier  (Ablation  of  the 
lower  third  of  the  right  Flna). 
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and  to  develop  their  functional  utilisation  to  the  maximum  ; 
such  for  two  years  was  the  object  of  my  investigations. 


CVIII.  The  Power  of  the  Stumps. — In  the  first  place,  as 
1 have  observed,  amputation  diminishes  the  motive  power. 

The  length  of  the  bony  lever  from  the  centre  of  the  adjoining 
articulation  is  diminished  ; the  muscular  strength  is  impaired, 
owing  to  atrophy  and  the  immobility  to  which  the  ])atient  is 
condemned,  often  to  a greater  extent  than  he  should  be. 

Bat  in  what  proportions  does  the  power  of  the  stump  vary 
in  respect  of  its  lenyth  ? The  more  closely  it  approaches  the 
normal  length  of  the  segment,  the  better  the  grip  of  the  pro- 
thetic  appliance,  and  the  more  effectual  the  intervention  of 
the  muscular  synergy  of  the  member.  It  is  none  the  le.ss  a 
fact  that  these  two  advantages  are  not  uniformly  augmented 
in  proportion  to  the  dimensions  of  the  stump.  1 his  is  demon- 
strated by  the  following  example  : 

Let  us  consider  the  muscles  which  Ilex  the  fore-arm  upon 
the  humerus.  The  action  of  these  muscles  is  applied  at  a 
distance  of  about  1-1  inches  from  the  articulation  of  the  elbow, 
overcoming  the  total  resistance  of  the  fore-arm  and  the  hand, 
whose  effective  action  is  at  the  centre  of  gravity,  about 
inches  from  the  same  articulation.  It  is  obvious  that  if 
amputation  respects  the  insertion  of  the  muscles  which 
accomplish  the  useful  movements — if,  in  our  example,  it 
leaves  a stump  of  not  less  than  Tfi  inches  in  length  this 
latter  will  possess  its  total  physiological  value,  which  it  is  the 
part  of  scientific  prothesis  to  utilise  in  a skilful  and  satisfactory 
manner.  Now  this  anatomical  measurement  is  insufficient ; 
for,  on  the  one  hand,  there  is  no  movement  in  which  an 
entire  muscular  group  does  not  collaborate  with  its  appaiently 
antagonistic  elements;  and  in  short  stumps  this  synergy, 
which  is  physiological,  not  anatomical,  is  impaired  or  restricted. 
On  the  other  hand,  we  must  take  into  consideration  the 
solidity  and  stability  of  the  adjustment  of  the  prothetic 
appliance,  and  this  depends  on  the  length  of  the  stump. 
These  two  factors  are  of  equal  importance  in  the  case  of 
amputations  of  the  lower  limbs,  owing  to  the  weight  and 


L 
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momentum  of  the  body  when  walking.  In  the  ca.se  of  the 
upper  limbs  the  princij)al  factor  is  stability  ; its  ])urpo.se  being 
to  make  swift  and  certain  movements  po.s.sible. 

It  would  seem,  however,  that  in  the  case  of  stumps  which 
are  just  suflicienlly  long  to  perform  their  function  prothesis 
offers  one  advantage  over  nature  ; it  replaces  the  amputated 
segment  by  a stronger  and  lighter  .segment.  But  this  is  not 
an  advantage,  for  if  amputation  is  effected  too  high  it  results 
in  the  disappearance  of  the.  muscular  elements  whose  strength 
would  have  made  up  for  the  inertia  of  the  organ  ; it  enfeebles 
the  phenomena  of  cellular  nutrition  and  vitality,  and,  on 
the  other  hand,  favours  atrophy  and  degeneration.  We  shall 
return  to  th's  point  later  on. 

The  surgeon,  liowever,  will  rely  upon  methods  of  operation 
which  sacrifice  the  length  of  the  stumj)  in  order  to  ensure 
that  it  is  more  comfortably  covered  at  its  termination,  and 
to  remove  all  causes  of  pain  and  ulceration. 

From  these  brief  considerations  it  obviously  follows  that 
surgery,  prothesis,  and  industrial  re-education  should  be 
guided  by  the  exact  measurement  of  the  power  of  the 
stump.  Here  I will  coniine  my  ex])lanations  to  a descrip- 
tion of  the  experimental  methods  adapted  to  this  work  of 
measurement. 


CIX.  Technical  Method  of  Measuring  the  Power  of 
Stumps. — The  method  employed  is  very  simple.  The  angular 
movements  of  tlie  stump  upon  its  articulation  are  measured,  in 
degrees,  and  also  the  absolute  power  of  the  muscles  which 
determine  this  movement  of  flexion.  By  comparing  these 
willi  the  power  and  the  mobility  of  the  sound  limb  we  obtain 
the  ratio  of  loss  resulting  from  amputation. 

For  such  measurements  we  may  employ  the  aiihrodyna- 
mometer.  But  in  order  to  approximate  to  the  conditions 
under  which  the  activity  of  the  stump  will  be  exercised,  we  have 
adopted  the  employment  of  the  dynamometrical  splint,  with 
which,  in  connection  with  the  ergometrical  cycle,  we  have 
for  the  last  eighteen  months  been  re-educating  amputated 
limbs. 
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Tile  stump  is  adjusted  in  the  splint,  whether  brachial  or 
femoral  (Figs.  79  and  80),  the  articulation  being  exactly  in 
a line  with  the  axle.  Its  maximum  moYement  of  oscillation 
is  imposed  upon  it  from  the  jiosition  of  extreme  adduction 
to  that  of  extreme  abduction,  during  which  moYement  the 
axle  moYes  the  pointer  over  the  graduated  dial. 

On  the  other  hand,  as  we  have  seen,  a ribbon  of  steel  passes 
over  the  flywheel  ; ils  tension  is  adjusted  by  means  of  weights, 
which  regulate  the  friction  jiroduced  ; in  this  way  a resistance 
is  produced  which  can  be  varied  at  will,  and  which,  moreover, 
is  marked  upon  a dynamometer.  The  ])roduct  of  the  friction 
and  the  distance  travelled  by  the  iieriphery  of  the  llywhecl 
gives  tlie  work  performed.  The  duration  of  the  oscillation 
being  known  (it  should  be  the.  most  rapid  and  the  most 
ample  obtainable)  we  can  reckon  the  power  developed  per 
minute. 

This  functional  jiower  of  the  .slum))s  (litters  in  ditferent 
subjects.  Therefore,  in  comparing  the  sound  limb  with  the 
amputated  limb,  we  should  make  the  same  measurements  in 
the  case  of  a number  of  subjects,  and  from  these  deduce  the 
average  values.  From  observations  conducted  in  the  case  of 
200  persons  who  had  sulTered  ainpulaliou  of  Ihe  upper  ana. 
fore-ana,  thigh,  or  lower  leg,  we  have  calculated  the  functional 
power  of  a sliun])  of  a given  length,  the  length  of  the  normal 
segment  l)eing  assumed  to  l)e  100. 


9, Measuring  the  pnwer  of  a Stunt])  (Ann)  by  means 

of  tlie  Dvnamuntetrieal  splint. 


CX.  Data  Resulting  from  Measurements  of  the  Power 
of  Stumps.^ 

AMPLITUDE  IX  DEGREES. 

A. — Uppkk  Limb. 

(a)  Upper  Arm,^ 

Anterior.  Posterior.  Total.  Tot.  Power. 
32  to  13  centimetres  ...  140°  90°  230°  100 

12  to  7 „ ...  100°  52°  152°  04 

6 to  5 „ ...  S5°  45°  130°  44 


^ It  is  needless  to  remark  that  the  work  performed  ar 
■enable  us  to  calculate  the  force  exerted  by  the  latter 

^ Length  from  the  armpit. 


Fio.  80.— Measuring  the  i>ower  of  a Stump  (Leg)  by  means 
of  the  Dynamometrical  splint. 
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Measuiin};  tlic  |i.i\vcr  of  a Staiii|i  (Ann)  liy 
of  tIU'  Dviiamoim-trical 


Pl,;.  su.— Moasiiiiiin  the  powi-r  of  a Stiim|)  (la'g)  liy  means 
of  tlie  Dvnamoini'ti'ieal  splint. 
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'I'lu'  stiiiii|)  is  adjusted  in  llie  splint,  wliether  brachial  or 
feiiioral  (l'ii>s.  7t>  and  <S(l),  the  articulation  heing  exactly  in 
a line  with  the  axle.  Its  niaxiuniiii  nioveiiient  of  oscillation 
is  imposed  upon  it  from  the  position  of  extreme  adduction 
to  that  of  extreme  abduction,  diiriui*  which  movement  the 
axle  moves  the  jfointer  over  the  graduated  dial. 

On  the  other  hand,  as  we  have  seen,  a ribbon  of  steel  ]tasses 
over  the  Ilywheel  ; its  tension  is  adjusted  by  means  of  weights, 
which  regulate  the  friction  produced  ; in  this  way  a resistance 
is  produced  which  can  be  varied  at  will,  and  which,  moreover, 
is  marked  upon  a dynamometer.  Ihe  product  of  the  friction 
and  the  distance  travelled  by  the  perijihery  of  the  tlywheel 
gives  the  ivork  fn'i/ormrd.  The  duration  of  the  oscillation 
being  known  (it  should  be  the  most  rapid  and  the  most 
amjile  obtainable)  we  can  reckon  the  power  developed  ])er 
minute. 

This  functional  power  of  the  stumps  dill'ers  in  dilferent 
subjects.  Therefore,  in  comparing  the  sound  limb  with  the 
amputated  limb,  we  should  make  the  same  measurements  in 
the  Cfise  of  a number  of  subjects,  and  from  these  deduce  the 
average  values,  bb'om  observations  conducted  in  tbe  case  of 
20(1  persons  who  had  sutfered  amputation  of  the  upper  arm, 
fore-arm,  thigh,  or  lower  leg,  we  have  calculated  the  functional 
power  of  a stump  of  a given  length,  the  length  of  the  normal 
segment  being  assumed  to  be  100. 

CX.  Data  Resulting  from  Measurements  of  the  Power 
of  Stumpsd 

A.Mi>i.nTJ)E  IX  1)K(;r]:es. 

A. — Upteu  Limb. 

(a)  Upper  Arm.'^ 


Anterior. 

Posterior. 

Total. 

Tot.  Power 

32  to  13  centimetres 

140^^ 

0O° 

230° 

](H) 

12  to  7 

100° 

r,2® 

152° 

t>4 

()  to  5 ,, 

s-)° 

45° 

130° 

44 

4 

r>5° 

or.  a 

80° 

9 

* It  is  needless  to  remark  that  the  work  performed  and  the  length  of  the  stump 
enable  us  to  calculate  tlie  force  exerted  by  the  latter. 

^ Lengtii  from  the  armpit. 
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(6)  Fore-  Arm.^ 


24  to  12  centimetres 

• • • « • • 

Flexion  of  140“ 

100  ^ 

11  to  7 ,, 

« • • • « • 

„ 125° 

68 

6 to  4 ,, 

• • • • • • 

„ 95° 

40 

Less  than  4 centimetres 

... 

90° 

negligible.  i 

1 

1 

B. — Lower  Li.mb.  ' 

(a)  ThiqhA 

Anterior 

Posterior.  Tot  1. 

Tot.  Fower^  1 

40  to  18  centimetres 

1 

40°  150° 

100 

17  to  10 

70° 

32°  102° 

62 

9 to  0 „ 

55° 

30°  85° 

38 

o « , • • ■ 

40° 

28°  68° 

24 

4 

... 

incapat  le  of  utilisation. 

(h)  Lower  LcgA 

38  to  17  centimetres 

• • • . • • 

Flexion  of  125° 

100 

16  to  7 

■ • I . . ♦ 

„ 110° 

73 

6 

„ 00° 

negligible. 

The  values  given  in  tliis  table  present  a certain  analogy 
and  convey  a good  deal  of  information. 

In  particular  we  note  that  no  siump  less  Hum  4 ceniinuires 
(1-6  inches)  in  length  can  iisefnlh]  be  filled  with  a prothelic 
appliance.  If  the  length  of  the.  stump  is  from  4 to  G centi- 
metres (1-6  inches  to  2-4  inches)  in  the  case  of  the  fore-arm, 
and  not  less  than  9 centimetres  (3-G  inches)  in  the  case  of  the 
thigh,  the  prothetic  appliance  should  be  so  devised  that 
neither  the  amplitude  nor  the  strength  available  is  diminished 
thereby.  We  shall  consider  this  point  later  on. 

CXI.  Histo-Physiological  Modifications  of  the  Stumps. 

— But  the  power  of  a stump  does  not  express  the  whole  of 
its  functional  capacity.  The  solidarity  of  the  nerve-elements, 
sensory  and  motor,  reveals  itself  in  such  wise  that  the  least 
hypo-aesthesia  diminishes  the  dexterity  of  the.  movements 
and  the  output  of  prothetic  aj)pliances.  Accordingly,  it 
is  important  that  we  should  know  what  changes  are  produced 
by  amputation  in  the  hislo-plnjsiological  conditions  of  a stump. 
These  are  trophic  disorders  and  sensilive  disorders. 

' Length  from  the  crease  produced  on  the  inner  face  of  the  arm  tiy  the  tle.xion 

of  the  elbow -joint. 

- Length  from  the  inguinal  crease. 

^ Length  from  the  articulation  of  the  knee. 
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A.  Trophic  Disorders  due.  to  .\inpulalion. — Of  the  trophic 
modifications  the  most  rapid  is  that  of  the  muscular  fibres  ; 
their  diameter  is  reduced  ; and  those  which  have  been  liisected 
form  new  tendinous  insertions  at  the  expense  of  their  con- 
tractile substance.  The  result  is  that  their  power  of  contraction 
is  more  restricted  ; that  is,  there  is  a loss  of  absolute  strength  ; 
while  as  the  insertion  is  nearer  the  articulation  a greater 
elTort  is  necessarv  for  the  execution  of  a given  movement. 

Normally  the  shortening  of  the  bony  lever  actuated  by  the 
muscles  should  have  led  to  an  increase  of  their  diameter. 
That  this  is  not  the  case  in  the  stumps  of  amputated  limbs  is 
due  to  the  fact  that  the.  nervous  elements,  without  which 
the  vitalitv  of  the  muscular  iibres  disaiipears,  are  the  seat  of 
a degeneration  which  is  favoured  by  the  absence  of  movement. 
This  degeneration  is  accompanied  by  fatty  infiltrations,  in 
the  nerves  as  well  as  in  all  the  cells.  The  transverse  section 
of  the  stump  reveals,  at  its  edges,  in  the  region  of  the  flaps, 
where  these  exist,  very  strongly  marked  signs  of  these  histo- 
logical transformations.  They  are  extremely  inconvenient 
when  it  comes  to  jirovitling  the  patient  with  prothetic  appli- 
ances, since  the  latter  obtain  a hold  without  provoking  the 
sensibility,  which  for  the  jierformance  of  the  ordinary  actions 
of  evervdav  life  one  would  wish  to  preserve  unimpaired. 

More  slowly  than  the  other  tissues,  those  of  the  skeleton 
evolve,  in  their  turn.  Our  observations  of  experiments  made 
upon  frogs  during  the  last  six  months  or  so  have  enabled  us 
to  verify  the  production  of  a certain  osseous  rarefaction  in  the 
stumps  of  amputated  limbs,  the  density  of  the  divided  femur 
being  less  than  that  of  the  intact  femur.  ^Moreover,  investiga- 
tions  of  longer  continuance,  in  the  case  of  animal  species 
capable  of  great  muscular  efforts,  proved  that  the  layers  of 
spongv  tissue  change  their  character,  and  adopt  a new  mode 
of  resistance.  We  must  therefore  always  remember  that 
the.  power  of  the  stump  is  diminished  and  its  vitality  decreased. 

CXIl.  — B.  Sensory  Disorders  due  to  Amputation — Sensory 
Education. -A'vom  the  standpoint  of  nervous  development, 
every  victim  of  amputation  j)ossesses  a diminished  field  of 
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sensibilitij.  The  sum  of  these  sensations  originating  in  the 
cutaneous  surface  of  the  mutilated  member  is  not  suflicient 
to  maintain  the  normal  rate  of  cellular  reaction  ; hence  the 
trophic  disorders  observed  ; for  the  j'henomena  of  nutrition 
are  indirectly  stimulated  by  the  external  impressions  which 
evoke  the  motor  nerve-impulse. 

Moreover,  the  sensibiliti]  of  the  slumps  upon  contact  or  under 
pressure  is  diminished,  and  the  nerve-centres,  disconnected 
from  their  normal  anatomical  connections,  interpret  the 


sensations  wrongly. 

Sensibiliii}  of  the  Stumps. — As  a matter  of  fact,  the  trans- 
versal surface  of  the.  stum])  is  by  no  means  very  sensitive  to 
touch.  An  exploration  of  this  surface  by  means  of  the 
aesthesiometer  (Weber’s  tyjie)  with  two  ivory  jioints,  shows 
that  the  points  must  be  separated  by  about  20  millimetres 
(four-fifths  of  an  inch)  before  they  become  perceptible,  whereas 
in  the  fingers  a separation  of  2 millimetres  (about  one-twelfth 
of  an  inch)  is  sufficient.  Despite  this  hypo-aesthesia,  the 
section  is  more  sensitive  in  the  neighbourhood  of  the  cicatrix 
than  on  the  lateral  surface  of  the  slump.  Thus,  a subject 
whose  arm  had  been  amputated  about  the  middle  of  the 
humerus  viclded  the  following  data  : Near  the  cicatrix, 

17  mm.  ; at  the  edges  of  the  extremity,  22  mm.  ; on  the 
lateral  surface,  30  mm. 

When  a terminal  flap  exists,  its  sensibility  is  uncertain  ; 
sometimes  it  is  negligible,  in  which  case  fatty  degeneration 
may  be  observed. 

A second  important  feature  is  that  of  the  lateral  transfer,  or 
referred  perception.  A point  on  the  transver.se  surface  is 
touched  ; the  tactile  sensation  is  perceived  at  a point  of  the 
lateral  surface,  situated  on  the  generator  adjacent  to  the  spot 
which  is  touched.  In  proportion  as  the  amputation  is  more 
recent  and  the  stump  more  atrophied  it  is  perceived  further 
from  the  plane  of  section. 

The  phenomenon  of  the  transfer  is  constantly  observed  in 
subjects  who  have  suffered  amputation  of  the  arms  and  legs, 

but  it  is  by  no  means  definitive. 

The  education  and  the  sensorij  re-adaplalion  of  the  stump 
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correct  these  errors  of  localisation.  Ihey  are  cflected  by 
means  of  suitably  regulated  exercises.  The  ])atient  actuates 
with  his  stump  the  splint  of  the  eiyometric  eijcle,  overcoming 
resistances  which  are  gradually  varied.  Intelligence  and 
attention  will  helj)  him  to  ajipreciate  these  variations. 


HI. — Sensory  Edueation  of  a Subject  who  is  Bliiul  ami  has  sutfered 
double  Am]nitation,  by  means  of  the  weighteti  Bracelet. 


But  we  must  continue  with  an  exacter  method,  employing 
the  bracelet  with  adfust(d)le  weights,  this  is  placed  at  the 
extremity  of  the  stump,  and  weights  are  placed  u])on  the  sus- 
pended disc,  and  are  diminished  daily.  The  subject,  whose 
eyes  are  blindfolded,  has  to  say  whether  weight  has  been 
added  or  removed,  whether  it  is  still  the  same,  whether  it 
has  been  diminished,  and  by  how  much— all  information 
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srnsibililfi.  1 lie  sum  ot  these  sensations  oi'i^inalin^  in  the 
cutaneous  surtace  of  the  mutilated  memhei’  is  not  sullicienl 
to  mainlaiii  Uic  normal  raU*  of  ('(.'llular  ivadioii  ; lumco  the 
h-opliic  disordcM's  ol)st‘rvod  ; for  the  i)henomeiui  of  nutrition 
are  indireetly  stimulated  ])V  tlie  external  impressions  whieh 

evoke  the  motor  nerve-im|)ulse. 

Moreovei',  the  scnsibililu  uf  llic  slumps  \ipon  eontaet  or  under 
])ressure  is  <liminishc(l,  and  the  nerve-eentres,  diseonueeted 
from  their  normal  anatomieal  eonueetions,  inter])ret  the 
s(‘iisa lions  wronoly. 

Scnsihililii  of  llic  Slumps.  As  a matter  of  fact,  the  trans- 
versal surfaec  of  the  slum])  is  hy  no  means  very  sensitive  to 
toueh.  An  ex])loralion  of  this  surlaee  hy  means  ol  the 
(it'slhcsionu’lcr  (Wehei's  type)  with  two  ivoi’y  points,  shows 
that  the  points  must  he  se])araled  hv  ahout  20  millimetres 
(fonr-lifths  of  an  ineh)  before,  they  heeome  pei’ceptihle,  whereas 
in  the  lingers  a se.j)aratiou  of  2 millimeli'es  (ahout  one-twelfth 
of  an  ineh)  is  suHieient.  l)es])ite  this  hypo-aesthesia,  the 
seetion  is  more  sensitive  in  the  neighhourhood  of  the  cicatrix 
than  on  the  lateral  surface  of  the  slump,  dhus,  a suhje.et 
whose  arm  had  heeu  ampulated  ahout  the  middle  of  the 
humerus  yielded  the  lollowing  data  : Xcar  the  cicatrix, 

17  nun.  ; at  the  edges  of  the  extremity,  22  mm.  : on  the. 
lateral  surface,  30  mm. 

When  a terminal  llaj)  exists,  its  sensihility  is  uiux'rtain  ; 
sometimes  it  is  negligihle,  in  which  case  fatty  degeneration 
may  he  ohserved. 

A second  im|)ortant  feature  is  that  ol  the  htlciul  Irunsfer,  or 
refernsi  j)frceplioii.  A ])oiut  on  the  transverse  surlaee  is 
touched  ; the  tactile  sensation  is  j)erceived  at  a ])oint  of  the 
lateral  surface,  situated  on  the  generator  adjacent  to  the  s])ot 
which  is  touched.  In  proj)ortion  as  the  am])utalion  is  moie 
recent  and  the  stump  more  atro])hied  it  is  perceived  lurther 
from  the  plane  of  section. 

riie  phenomenon  of  the  transfer  is  constantly  observed  in 
subjects  who  have  sulTered  am])ulaliou  of  the  arms  and  legs, 
hut  it  is  by  no  means  definitive. 

'Fhe  ediicalion  and  the  scnsorji  rc-udaplaliou  of  the  stuinj) 


its,  ‘JA  .'-i-' 


Si. — Sciisoi-y  K(hu  ati(Hi  of  a 
Aini'utation,  l»y  inc 


Bui  we  must  continue  with  an  exacter  method,  employing 
the  bracelet  with  udiusUdde  iiwu/lds.  1 his  is  ])laced  at  the 
extrendtv  of  the  stump,  and  weights  are  placed  upon  the  sus- 
])ended  disc,  and  are  diminished  daily,  d'he  subject,  whose 
eves  are  blindfolded,  has  to  say  whether  weight  has  been 
added  or  I'emoved,  whether  it  is  still  the  same,  whethei  it 
lias  been  diminished,  and  bv  how  much  all  information 
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which  has  to  be  elicited  from  the.  patient.  Then  the  bracelet 
is  moved  along  the  stump,  in  order  to  explore  its  sensibility.* 
By  means  of  a small  pressure  dynainometer  it  is  discovered 
that  the  stump  reacts  in  varying  degrees  according  to  the 
point  stimulated.  In  the  neighbourhood  of  the  cicatrix 
the  perceptible,  pressure  is,  on  an  average,  20  grammes  less 
than  that  which  is  required  on  the  edges  of  the  stump,  and 
75  grammes  less  than  that  required  on  the  lateral  surface. 
And  the  phenomenon  of  referred  perception  is  observed  as 
long  as  the  absolute  value  of  the  pressure  does  not  exceed  300 
grammes.  Sensory  education  overcomes  this  hypo-aesthesis, 
notably  to  the  advantage  of  the  blind,  for  whom  a special 
method  must  be  employed  (as  will  be  seen  further  on). 


CXIII.  Weir-MitchelTs  Phenomenon. ^ — dliere  is  another 
peculiarity  to  be  observed  in  those,  who  have,  suffered  amputa- 
tion, which  Weir-Mitchell  was  the  first  to  insist  upon  (1867). 
I am  referring  to  the  illusion  suffered  by  all  such  persons,  to 
the  effect  that  they  can  still  feel,  and  still  possess,  the  portion 
of  the  limb  which  has  been  amputated,  which  they  feel  to 
be  nearer  the  stump  than  it  was  in  n-ality.  This  illusion  is 
preceded  by  a sensation  of  tingling  or  formicaliun,  the  seat 
of  which  is  close  to  the  cicatrix. 

Accepting  the  lifelong  persislence  of  this  hallucination,  the 
American  scientist  concluded  that  the  origin  of  all  our  actions 
is  cenlral,  cerebral,  and  not  in  any  wse  peripheral.  We 
conceive  and  determine  our  movements  in  the  brain,  nothing 
external  to  us  provoking  them  ; the  sensibility  has  no  part 


in  them. 

My  experiments  are  far  from  confirming  the  views  of 
Weir-Mitchell.  The  phenomenon  described  by  him  is  not 
permanent  ; re-education  causes  its  disappearance  in  a few 
months,  and  the.  resumption  of  daily  work  destroys  the  last 
traces  of  it. 

It  is  during  inaction,  in  hours  of  idleness  made,  gloomy  by 
anxietv,  and  in  wet  weather,  that  the  painful  sensation  of 


‘ C.R.  Acad.  Sr.,  2 and  H5  October,  ItIK),  Vol.  CLXIIt.,  i)p.  33.n  and  401. 
^ VVeil'Mitchell’s  Lesions  of  the  Nerves, 
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the  “ phantom  ” limb  occurs.  What  is  more,  the  ])atient 
feels  only  the  terminal  segment,  the  hand  or  foot,  but  never  the 
intermediate  segment  ; and  he  is  conscious  of  it  such  as 
it  habitually  was,  in  the  dynamic  condition,  the  hand 
grip])ing  the  tool,  the  foot  set  in  the  jiosition  which  the  ])atient  s 
calling  retjuires.  He  is  not  conscious  of  formication  dining 
the  night,  but  the  latter  feeling  awakens  with  the  memory 
of  industrial  or  professional  life,  so  that  it  results  from  a mental 
and  a physiological  cause. 

Weir-Mitchell's  phenomenon  admits  only  the  first  of  these 
causes.  But  the  second  is  the.  more  essential,  and  is  related 
to  the  .scn.sori-molor  cycle.  By  the  very  fact  that  the  sensory 
education  of  the  stump  results  in  the  cessation  of  referred 
])erception  and  the  illusion  of  the  absent  menibei,  complcttH 
correcting  the  reference  of  sensation  to  its  external  causes, 
there  is  no  possibility  of  doubt  that  .sensibility  governs  all  our 
actions  ; the,  periphery  of  the.  organism  is  physiologically 
connected  with  the  nerve-centres.  Thus  it  is  that  the  child 
forms  an  accurate  conception  of  aclual  space  and  its  ielati\e 

distances. 

The  theorv  of  formication  is  supjiosed  to  be  as  follows  : 

Impressions  may  travel  along  any  sensitive  imth.  For 
example,  if  the  hand  is  amputated  impressions  from  the 
fore-arm  and  upper  arm  reach  the  nerve-centres.  The  motor 
reaction  emanating  from  the  latter  is  checked  at  the  termina- 
tion of  the  motor  nerves,  which  are  here  interrupted  by  the 
amputation.  Now  the  section  established  by  this  amputation  is 
a surface,  all  of  whose  nervous  elements  are  deadened,  and  more 
often  than  not  alTected  by  degeneration  ; such  a sui-facc 
constitutes  a screen,  and  the  motor  reaction  communicates 
its  inqiulse  to  the  recurrent  fibres,  and  this  gives  rise  to  a s]>ecial 

formication. 

CXIV. Experience  shows,  then,  that  the  re-education 

of  stumps  improves  their  phy.siological  condition,  re-adapts 
them,  and  lessens  the  danger  of  nervous  degeneration.  It 
enables  the  stumps  to  act  upon  the  prothetic  aiiphances 
titted  to  them  with  a perfectly  graduated  force,  and  an  iin- 
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])rove(l  ulilisalion  of  llio  laclile  sense  and  the  nniscular  sense. 
Tliis  is  highly  iinpoidant,  parlienlarly  in  the  vieliins  of  a donl)le 
ainpulalion.  or  lliose  wlio  IniYe  lost  their  sight  as  well  as  one 
or  more  limbs. 

'J'o  these  adYantages,  whieh  are  of  great  Yalue  in  ortho- 


IG.  JS2. — Examination  of  the  organic  condition  of  a \Var-C’iip|»lc 


paedie  sui’gery,  we  may  add  the  moral  advantage  of  bestowing 
upon  the  war-eripjjle  a eertain  sense  of  energy,  and  a feeling 
of  hope  as  regards  the  future. 


CXV.  The  Re-Education  and  the  Organic  Condition  of 
War-Cripples.-  Re-education  is  not  confined  to  the  motor 
organs  ; it  is  being  extended  increasingly  to  all  the  agents  of 
human  activity  ; to  those  which  disjiensc  energy  (the  heart  and 
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lungs)  and  those  which  maintain  our  relations  with  the  outer 
world  (the  senses).  It  is  indeed  possible,  as  we  have  seen,  to  le- 


adapt  the  sense  of  Uniclh  a sense  very  highly  developed  in  the 
blind,  and  a sen.se  upon  which  the  prothesis  of  the  upper  limbs 
is  veiy  largelv  dependent.  The  sense  of  Iicariiuj,  diminished  as 
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l)r()Vi‘(l  iililisiilinn  ol’  llio  larlilc*  souse  iind  llu*  niusculai’  sense. 
This  is  highly  i!ii|)oi  l;ml.  parlieularly  in  (he  vieliins  of  a (lonl>h‘ 
aniputalion,  or  those  wint  have  lost  their  si^lil  as  ^vell  as  one 
Ol*  inori’  liinlis. 

In  Ihest'  advantages,  whieh  aiA*  ol  <>rt‘al  value  in  ortho- 


Ivxaminatiun  of  the  or‘mni<-  (omliti»ni  of  a \Var-( 


• suriiiorv,  Wi.'  iiuiy  add  llu*  moral  advaida_i>(‘  of  l)i'sto\viiio 
I ho  Nvai-cri|)|)lo  a oorlaiii  sonso  of  oiioroy,  and  a fooliii|i» 
)o  as  rouards  llio  fiiluro. 


CX\'.  The  Re-Education  and  the  Organic  Condition  of 
War-Cripples.  Ho-odiicalion  is  not  coidinod  to  the  motor 
organs  ; it  is  l)oing  oxtondod  increasingly  to  alt  the  agents  of 
liuman  activity  : to  those  whieh  dis])ense  energy  (the  heart  and 
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lungs)  and  those  whieh  maintain  onr  relations  with  the  outer 
world  (the  senses).  It  is  indeed  possible',  as  we  ha\ i' seen,  to  U‘- 


adapl  the  sense  of  louch,  a sense  very  highly  developed  in  the 
blind,  and  a sense  upon  whieh  the  prothesis  of  the  upi)er  limbs 
is  verv  larnelv  dependent.  The  .sense  of  Imtriwi,  diminished  as 
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the  result  of  accidents  to  the  outer  ear,  ajipears  also  to  be 
capable  of  substantial  improvement  ; but  of  this  I have  no 
personal  experience.  And  everybody  knows  that  the  sense 
of  si(jht  is  susceptible,  after  appropriate  treatment,  of  remark- 
able ameliorations. 


rl  A h 


/ifter  3 minutes*  v^ork  oh  the  Cycle  at  168  re\/s. 

Brake  load.  22  lbs. 

The  subject  (Kerforn)  is  emphysematpus  ( aged  31  years. 

illness  of  U monthh standing.). 


After  4 minutes*  work,]  do  . do, 

^AjUUUlA^I 

a sfcdi 


^'-^AA>J‘^AJU^JXJ^^lMU'-^AJU^_AAJUUUUULAJUAAJs.\JUUUA_A.AJCJLJUUU^ 

Time  in  fifths  of  a second 


J'ui.  S4. — Respirations  while  Resting,  while  Working,  and  after  Working,  in  an 

F]mph yseniatic  Subject . 


What  1 can  assert  in  this  connection  is,  that  most  of  the 
sen.ses  are  blunted  as  a result  of  nervous  disorders  or  shock, 
and  also  as  a result  of  traumatisms  of  the  skull.  When  the 
patient  has  recovered  we  lind  the  senses  recovering  their 
acuteness,  under  the  inlluence  of  constant  and  intelligently 
supervised  exercise. 
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But  we  must  understand  hoAV  to  detect  not  only  the  defi- 
ciencies of  the  sensorial  organs,  but  also  the  affections  of  the 
heart,  the  vascular  system,  and  the  lungs,  in  order  that 
we  may  with  certainty  determine  the  physical  aptitude  of  the 
war-cripple,  and  his  degree  of  endurance.  In  the  first  place 
there  should  be  a preliminary  examination  with  reference  to 
the  thoracic  and  morphological  characteristics.  Then  comes 
the  clinical  examination.  We  then  consider,  as  objective 
documents,  the  pneuniographic  and  cardiographic  tracings 
obtained  after  fatiguing  exercise  on  the  ergographic  cycle. 
This  exercise  usually  takes  the  form  of  a ten  minutes’  “ ride  ” 
at  a pace  of  200  revolutions  per  minute,  the  resistance  of  the 

brake  being  6-6  lbs.  (Fig.  82). 

The  tracings  reproduced  in  Fig.  83,  for  example,  which 
were  obtained  before,  during,  and  after  such  exercise,  show 
that  the  cardiograms  of  patients  wdio  have  sutTered  a recent 
amputation  are  of  feeble  amplitude  ; the  sgstoles  are  lacking 
in  vigour,  and  as  a result  the  arterial  pressure  is  diminished. 
But  this  phenomenon  is  ephemeral  ; re-education  restores  the 

heart  to  its  normal  mode  of  action. 

In  the  lungs  w^e  observe  dyspnoea,  with  frequent  and  pro- 
found respirations,  wdienever  the  ventilation  is  insufficient, 
or  is  obstructed  by  a physiological  cause  (Fig.  84).  In  this 
connection  the  subject  may  even  practise  respiratory  gymnastics, 
combined  wdth  medical  treatment.  I consider  that  the  organic 
condition  of  our  w'ar-cripples,  if  w'e  do  not  wish  it  presently 
to  deteriorate,  should  be  kept  under  observation  by  physicians 
who  w'ould  act  both  as  re-educators  and  clinicians  ; perhaps 
more  particularly  as  the  former. 

It  still  remains  to  accomplish  the  diagnosis  of  the  menial 
condition.  The  present  w^ar  has  drawn  the  attention  of  all  to 
this  subject.  Terrible  in  its  effects,  it  has  shaken  the  higher 
nerve-centres,  and  has  often  disordered  the  proper  functioning 
of  the  brain.  It  has  predisposed  thousands  of  w'ounded  soldiers 
to  intellectual  disorders,  phobias,  hallucinations,  and  various 
psychoses  (disorders  of  the  w'ill)  which  are  as  yet  obscure. 

If  w’e  devote  ourselves  to  the  task  of  re-educating  infirm 
and  crippled  soldiers,  our  principal  pre-occupation  must 


ils  progress,  and  the  merit  of  work  ; liereiii  lies  tlie  wliole  of 
the  veritable  art  of  re-education,  in  which  hnnian  science 
and  our  duty  to  the  nation  are  combined. 

Accordingly,  before  entrusting  one  of  our  wounded  soldiers 
to  the  workshop  or  the  office,  before  fitting  him  with  a pro- 
thetic  appliance,  it  is  indispensable  that  we  shall  have  obtained 
the  maximum  improvement  in  his  functional  condition  and 
his  resistance  to  fatigue;  we  must  have  analysed  the  move- 
ments which  he  is  still  capable  of  making,  in  respect  of 
precision,  amplitude,  and  force.  These  data  furnish  informa- 
tion useful  to  employer  and  employed  alike  ; they  will  inspire 
them  with  all  the  confidence  in  science  which  the  latter 
deserves,  and  which  make  it  the  highest  form  of  social  economv. 


CHAPTER  XI 


THE  RE-EDUCATION  OF  WAR-CRIPPLES 


II. — Scientific  Prothesis 


CXVI. — 1.  Principles. — Let  us  now  consider  the  problem 
of  prothetic  appliances;  one  of  the  most  important  of  all 
the  problems  which  are  included  in  the  subject  of  professional 
re-education.  Our  makers  of  prothetic  appliances  will 
have  to  make  greater  efforts  to  adapt  their  appliances  to  the 
work  of  the  war-cripple.  The  essential  object  of  prothesis, 
indeed,  is  not  to  replace  a lost  limb  or  segment  of  a limb, 
but  to  supplement  or  replace  a lost  or  badly  impaired  function. 
Although  by  definition  prothesis  is  anatomical,  it  is,  in  fact, 
physiological  and  utilitarian.  While  copying  nature,  it  is 
not  the  slave  of  nature,  because  it  is  obliged  to  proportion  the 
weight  and  the  dimensions  of  the  artificial  organs  to  the  muscular 
power  still  available. 

As  the  etymology  of  the  word  informs  us,  prothesis  (from 
the  Greek  TrpooOecri!;  = addition)  consists  in  the  addition  of 
mechanisms  or  appliances  which  restore  or  facilitate  the 
exercise  of  the  original  function. 

It  must  therefore  consider  the  functional  condition  ; it 
must  even  favour  its  improvement ; and  it  must  protect  the 
stump  from  all  causes  of  pain  and  fatigue.  The  last  point 
lies,  of  course,  within  the  competence  of  the  surgeon  ; he 
alone  can  judge  of  the  possibility  of  saving  a maximum 
useful  lenglh  of  the  member,  and  of  saving  it  in  such  a condition 
as  will  allow  the  prothetic  appliance  to  be  firmly  attached 
to  it ; he,  too,  is  in  a position  to  make  sure  that  nothing 
remains  in  the  stump,  neither  bony  splinters,  nor  traces  of 
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irritation  or  suppuration,  nor  any  cause  of  pain,  which  might 
delay  the  intervention  of  prothesis.  Five  or  six  weeks  must 
be  allowed  to  elapse  after  complete  cicatrisation  before  an 
appliance  is  fitted  to  the  stump  ; as  a rule  the  latter  retracts 
and  diminishes  in  volume,  becoming  firmer.  Exercises, 
suitably  regulated,  set  it  developing  in  the  right  direction  ; 
they  revive  the  humoral  activity  and  maintain  the  cellular 
vitality  by  which  the  foci  of  osteitis  and  the  menace  of  degenera- 
tion are  destroyed.  The  limb  is  then  ready.  Prothesis  will 
now  set  to  work,  and  all  the  ingenuity  of  mechanical  science 
will  be  required  for  the  task  of  dev'ising  the  artificial  organ 
and  adapting  it  to  its  function.  Ingenuity  is  the  right  word  ; 
for,  while  he  may  utilise  the  principles  of  cinematography 
in  the  ordering  of  component  parts,  the  maker  of  prothetic 
appliances  must  have  that  love  of  experimental  research 
which  surprises  and  imitates  natural  actions. 

Fontenelle  relates  that  a priest.  Father  Sebastien,  used  in 
his  time  to  excel  in  this  art  of  delicate  and  ingenious  invention. 
So  great  was  his  reputation  that  a Swedish  gentleman  even 
repaired  to  Paris  to  ask  him,  so  to  speak,  to  restore  his  two 
hands,  which  a cannon-ball  had  carried  away,  nothing  being 
left  but  the  stumps  of  the  fore-arms.  It  was  therefore  necessary 
to  make  two  artificial  hands,  controlled  by  the  said  stumps, 
whose  movement  would  be  transferred,  by  suitable  wires, 
to  flexible  fingers.  Father  Sebastien  was  not  dismayed  by  the 
task,  and,  it  is  said,  submitted  some  interesting  specimens  to 
the  Academy  of  Sciences. 

Profiting  by  all  the  progress  accomplished  in  the  mechanical 
arts,  it  is  possible,  in  this  connection,  to  carry  virtuosity  to 
a very  great  length.  But  there  are  principles  from  which 
prothesis  must  be  careful  not  to  depart.  We  may  formulate 
them  as  follows  ; — 

(a)  To  devise  prothetic  appliances  which  can  be  firmly 
and  strongly  attached,  without  impeding  the  movements 
involved,  or  those  of  other  articulations  ; 

(b)  To  adapt  these  appliances,  in  respect  of  weight  and 
dimensions,  to  the  strength  of  the  stumps  ; 

(c)  To  fit  appliances  for  the  upper  limbs  with  an  organ  of 
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prehension  which  will  permit  of  protracted  and  varied  enqiloy- 
nient. 

These  threefold  conditions  guarantee  strength,  simplicity, 
and  a good  output  in  prothetic  appliances  ; resulting  in  the 
always  desirable  employment  of  human  energy  in  professions 
to  which  it  miglit  have  seemed  that  the  war-cripple  could  never 
gain  access. 

CXVII.  The  Utilisation  of  the  Stumps. — Let  us  analyse 
the  problem  more  closely.  Whether  a leg  or  an  arm  is  in  question 
— for  the  moment  I am  neglecting  the  lesser  mutilations — 
the  aim  is  to  fit  upon  the  stump  an  appliance  which  replaces 
the  amputated  segment,  and  which  is  mechanically  controlled 
by  the  muscular  force  still  available.  Now  anatomy  and 
physiology  teach  us  what  movements  have  been  suppressed, 
and  must  be  re-established,  and  in  what  measure  the  stump 
will  be  able  to  produce  them,  as  regards  their  force  and 
amplitude.  These  details  are  familiar  ; we  will  only  remark 
that  the  articulation  of  the  shoulder  and  that  of  the  hip  are 
the  jundamental  articulations  ; each  controls  the  whole  member 
of  which  it  forms  a part,  and  ensures  its  effectual  action  ; 
the  muscles  actuating  these  joints  possess  a development 
which  enables  them  to  assist  in  distributing  the  motive  force 
to  the  lesser  segments. 

There  is  always  a limit  to  the  rational  utilisation  of  the  stump. 

For  the  upper  limbs  this  limit  is  reached  in  the  case  of 
amputations  which  leave  a stump  of  not  more  than  two  inches 
in  length,  measured  from  the  line  of  the  armpit.  At  this 
level  the  muscles  of  the  shoulder,  especially  the  deltoid  and 
tlie  infra-spinatus,  are  incapable  of  effecting,  by  their  con- 
traction, all  the  requisite  displacements  of  the  bony  lever 
into  which  they  are  inserted. 

In  those  whose  fore-arm  is  amputated  the  strength  of  the 
upper  arm  is  evidently  complete,  unless  there  is  some  accident 
of  a pathological  order,  such  as  anchylosis  or  atrophy.  The 
strength  of  the  fore-arm  may  be  regarded  as  sufficient  when  the 
stump  measures  two  inches  from  the  internal  crease  of  the 
elbow  ; it  is  complete  when  the  stump  is  four  inches  and 
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more  in  length,  the  flexion,  supination,  and’  pronation  being 
complete.  If  the  stump  is  less  than  four  inches  in  length 
the  loss  suffered  by  the  humero-radial  articulation  is 
difficult  to  make  up  for.  However,  it  will  hardly  be  felt  in 
the  ordinary  actions  of  everyday  life,  as  long  as  the  shoulder 
retains  its  complete  liberty  of  circumduction. 

Anchylosis  of  the  elbow,  on  the  other  hand,  creates  a func- 
tional impediment  of  a somewhat  serious  nature,  as  it  deprives 
this  articulation — which  is  mobile  rather  than  powerful  of 
the  possibility  of  guiding  the  movements  of  the  fore-arm, 
by  automatically  modifying  its  inclination  toward  the  upper 
arm.  This  defect  is  revealed  by  a painful  oscillation  of  the 
trunk  and  shoulder. 

CXVIII.— In  the  lower  limbs,  the  mobility  of  the  stump  of 
the  thigh  is  not  of  absolute  importance  : it  is  enough  that  it 
should  guarantee  the  possibility  of  walking  by  allowing  an 
angular  movement  of  30°.  Physiologically,  any  stump  which 
measures  more  than  two  inches  from  the  inguinal  crease  will 
fulfil  this  condition.  But  its  length  is  not  a matter  of  indiffer- 
ence in  connection  with  the  wearing  of  a prothetic  appliance. 
If  the  lever  is  too  short  it  will  diminish  the  adhesion  of  the 
thigh-piece,  and  may  compromise  the  solidity  of  its  attach- 
ment. This  will  compel  us  to  resort  to  more  and  more  powerful 
means  of  attachment,  which  we  shall  seek,  if  possible,  in  the 
pelvic  girdle.  If  the  points  of  attachment  are  too  remote 
they  are  defective,  because  in  the  long  run  they  create  an 
asymmetry  of  the  body  and  excessive  fatigue,  and  because 
they  interpose,  between  the  appliance  and  its  attachment, 
a mobile  system,  subject  to  deiormation,  in  which  there  will 
inevitably  be  a certain  amount  of  play.  Therefore  the  factors 
of  a correct  prothesis  are  short  paths  of  transmission  and  a 
symmetrical  distribution  of  the  surface  of  insertion. 

The  same  remarks  apply  to  the  lower  leg.  However,  if 
the  knee-joint  conti’ols  only  a small  stump  (as  in  the  case  of 
amputation  at  the  so-called  “ poinl  of  election  ” ) the  appliance 
will  none  the  less  allow  of  normal  locomotion.  Any  segment 
less  than  2-8  inches  in  length  will  be  unsuitable  for  walking 
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with  a free  knee-joint ; it  will  be  necessary  to  flex  it 
and  to  walk  on  the  knee,  as  in  the  case  of  intra-condylar 
amputation. 

CXIX. — The  stumps  resulting  from  minor  mutilations  are 
those  of  the  fingers,  the  metacarpus,  etc.  Here  the  functional 
value  demands  the  closest  attention  and  careful  experiment. 

Let  us  suppose  that  the  phalanges  are  lost.  In  the  four  fingers 
of  the  hand — not  counting  the  thumb — the  two  terminal 
phalanges  are  replaceable  ; but  the  sensibility  is  not  replaced, 
or  rather  it  is  only  partially  replaced,  by  the  contact  of  the 
prothetic  appliance  with  the  stump.  Or  if  the  four  fingers 
are  completely  lost  it  will  still  be  possible  to  replace  them  by 
artificial  segments  affixed  to  the  metacarpus.  Any  mutilation 
nearer  the  wrist  complicates  the  prothetic  apparatus,  but 
should  never  make  it  impossible  to  devise  a block  of  artificial 
fingers  which  can  be  opposed  to  the  thumb.  The  patient  will 
therefore  retain  the  means  of  employing  his  hands  with  a 
sufficient  degree  of  dexterity. 

It  must  always  be  remembered  that  the  office  of  the  hand 
is,  in  the  great  majority  of  cases,  that  of  a vice  or  pair  of 
pincers;  the  thumb  is  opposed  to  the  joint  action  of  the 
fingers  ; hence  its  Greek  name  of  anti-hand  (avTixslp),  which 
is  more  expressive  than  the  Latin  root  pollere,  which  means 
to  be  powerful.  In  the  function  of  the  thumb  there  is  a geo- 
metrical element,  that  of  opposition,  and  a dynamic  element, 
that  of  the  strength  which  the  hand  would  cease  to  exert  I i : 

without  it. 

A reduction  of  the  number  of  the  fingers  affects  both  the 
foregoing  factors  ; it  impairs  the  solidarity  necessary  for 
precision  of  movement,  and  the  distribution  of  the  efforts 
applied  to  a given  tool  or  instrument. 

If  we  reckon  the  crushing  effort  between  thumb  and  index  I 

finger  to  be  15-4  lbs.,  it  will  be  22  lbs.  with  the  added  effort 
of  the  middle  finger,  and  26-4  lbs.  if  the  third  finger  is  added 
to  the  first  and  second.  The  fourth  finger  adds  practically  I 

nothing  to  the  crushing  effort.  Its  function  is  one  of 


guidance.  | 
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As  for  the  thumb  itself,  it  can  l)e  replaced  by  an  artificial 
thumb,  without  a joint  to  the  first  phalange.  But  in 
the  absence  of  the  metacarpal  bone  its  function  is  greatly 
diminished. 

CXX.  Mechanical  Factors. — From  another  point  of  view 
the  functional  value  of  the  stumps  is  connected  with  the 
mass  and  the  dimensions  of  the  prothetic  organs,  the  mechan- 
isms which  they  have  not  merely  to  control,  but,  in  the  first 
place,  to  carry.  On  principle  we  shall  distribute  the  hea\y 
parts  of  the  appliance  around  the  stump,  either  supporting 
them  directly  by  means  of  the  latter,  or  assembling  them 
around  it.  The  less  weighty  portions,  on  the  other  hand, 
will  be  at  the  periphery. 

It  is  obvious  that  hollow  organs  and  parabolic  forms  present 
great  advantages  in  this  respect.  Nature  creates  such  in 
the  branches  of  trees  and  the  pinions  of  birds. 

The  maximum  of  resistance  with  the  minimum  of  mass  is  a 
fundamental  law  of  the  construction  of  the  artificial  limb,  whose 
meaning  is  explained  by  the  absence  of  multiple  motor  forces. 
In  the  lower  limbs,  for  example,  the  muscles  repeat  and 
co-ordinate  their  efforts,  from  the  coxo-femoral  articulations 
to  the  articulations  of  the  foot,  so  that  it  is  not  merely  the 
pelvic  musculature  which  actuates  the  various  segments  of 
the  limb.  Now  in  the  artificial  limb  a single  control,  a single 
motive  force,  is  often  required  to  actuate  several  artificial 
segments.  We  shall  therefore  seek  as  far  as  possible  to  reduce 
the  mass,  that  is,  the  inertia,  of  these  segments,  and  also  the 
radius  of  the  round  moving  parts,  the  length  remaining 
what  it  should  be  anatomically.  Under  these  conditions 
we  diminish  what  the  mathematician  calls  the  moment 
of  inertia  of  the  limb.  Finally,  mechanical  considerations, 
which  I cannot  enter  into  here,  show  that  the  centre  of 
gravity  of  the  apparatus  should  always  be  close  to  its  axis  of 
oscillation. 

In  the  case  of  a well-proportioned  man  of  average  build, 
the  segments  of  the  body  give  the  following  numerical 
values  : 
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Segment  of 
Body, 

Weight  ill 
Kilogrammes. 

Per  cent,  of 
Body  Weiglit. 

Length  in  ^ 

Metres. 

Head  ... 

4-590 

7-06 

0-16 

Upper  arm 

2-180  '1 

3-36  ] 

0-35  0-165 

Fore-arm 

1-480  X 2 

2-28 

. X 2 

0-24  0-100 

Hand  ... 

0-.550  J 

0-84  ) 

0-19 

Thigh  ... 

7-530  I 

11-58 

1 

0-45  0-200 

Lower  leg 

3-425  1 x2 

5-27 

V X 2 

0-44*  0-185 

Foot 

M65  j 

1-79 

I 

0-26  0-112 

Trunk  ... 

27-750 

42-70 

0-72 

Totals. , . 

65-000  kgs. 

100-00 

Moment  oi 
Inertia.* 


0-32 


0-38 


0 00244 


2441 


- 00247 

0-00350J 
0-01500  \ 

0 00800  1 0-1003 
0-00070 ) 


These  data  indicate  the  extreme  limits  of  weight ; but  we 
must  be  guided  absolutely  by  the  functional  power  of  the 
stump,  determined  as  we  have  already  explained. 

For  the  choice  and  the  properties  of  the  materials  employed 
in  the  construction  of  prothetic  appliances,  I must  refer  the 
reader  to  Le  Moteur  Humain  (Book  I.).  It  is  enough  to  remark 
that  the  resistance  of  these  materials  (wood,  leather,  metal) 
is  especially  important  in  the  case  of  the  lower  limb,  which 
has  to  support  the  entire  weight  of  the  body  in  walking, 
and  which,  at  rapid  gaits,  has  to  stand  a stress  25  per  cent,  to 
30  per  cent,  greater  than  the  weight  of  the  body.  The  necessity 
of  reducing  the  inertia  of  the  thigh-pieces  makes  us  advise 
the  employment  of  materials  which  are  specially  tough  and 
light,  such  as  three  or  four-ply  wood,  consisting  of  very  thin 
layers,  firmly  glued,  or  papier-mache,  or  duralumin,  which 
has  the  following  characteristics  : 

Density  . . . . . . 2-8 


Limit  of  elasticity 
Tensile  strength  . . 
Elongation  on  rupture 


2-8 

27  kgs.  per  sq.  mm. 
36  kgs.  per  sq.  mm. 
17  per  cent. 


Sheet  Steel,  1 mni.  to  1-5  mm.  in  thickness  to  in.)  will 
answer  the  same  purpose.  But  the  metallic  sonority  of  steel 

' Measured  from  the  superior  or  nearest  articulation. 

^ This  is  the  product  of  the  mass  and  the  square  of  the  radius  of  rotation,  a 
product  which  enters  into  the  calculation  of  the  energy  of  rotation  of  a body. 
(See  Le  Moteur  Humain,  p.  54,  ct  seq.) 

’ Including  the  height  of  the  foot  (6  centhnetres). 
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should  be  avoided  by  means  of  a strongly  adhesive  covering 
of  ])archinent. 

Steel  will  always  be  employed  in  the  construction  of  working 
parts.  Prothesis  demands  steels  whose  composition  should 
be  more  or  less  as  follows  : 

Carbon  . . . . . . . . 0-35  to  0-45 

Manganese  . . . . . . . . under  0-70 

Silicon  . . . . . . . . 0-20 

Sulphur  . . . . . . . . ,,  0-05 

Phosphorus  . . . . . . . . ,,  0-05 

The  metal  will  be  heated  to  850°  ; it  will  be  allowed  to  cool 
in  the  open  air  and  hardened  at  750°  ; it  is  then  brought  back 
to  500°  for  a space  of  30  minutes. 

Its  tensile  strength  is  100  kgs.  per  square  millimetre,  the 
elongation  being  10  per  cent. 

In  my  opinion,  the  use  of  pure  aluminium  should  be  aband- 
oned ; it  tears  easily,  is  difficult  to  work  and  to  weld,  and  is 
lacking  in  toughness. 

This  survey,  which  is  necessarily  extremely  brief,  of  the 
objects  and  principles  of  scientific  prothesis,  will  enable 
us  now  to  glance  at  its  applications. 

CXXI. — 2.  Applications. — The  capital  point  in  prothesis 
is  the  anatomo-plastic  application  of  the  appliances.  This 
demands  a sound  knowledge  and  a long  experience  of  the 
subject. 

Prothesis  of  the  Lower  Limb. — This  is  particularly  a prothesis 
of  strength,  simple  or  graduated,  according  to  the  type  of 
appliance  which  it  is  intended  to  apply.  Simple  if  it  is 
desired  to  equip  persons  who  perform  exhausting  work,  and 
who  are  much  more  anxious  to  possess  a solid  support  than 
an  actual  artificial  limb.  As  a rule  in  this  case  we  do  not 
seek  to  obtain  regularity  of  gait.  The  cripple  adopts  the 
“wooden-legged”  style  of  locomotion,  the  “ wooden  leg  ” 
being  either  rigid  or  jointed,  and  the  mode  of  locomotion  not 
unlike  that  of  a stilt-walker. 

The  more  complicated  models  are  the  so-called  artificial 
legs,  whose  design  imitates  that  of  the  actual  limb,  in  order 
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to  ensure  the  develo]nnent  of  the  stej),  in  all  the  phases  which 
compose  it.  This  harmony  is  inevitably  achieved  at  the  cost 
of  solidity,  on  account  of  the  number  of  articulations  which 
it  necessitates,  all  along  the  axis  of  support. 

I shall  limit  the  series  of  models  considered  to  those  which 
seem  to  me  the  best,  and  which  at  the  present  time  con- 
stitute a portion  of  the  specifications  recognised  by  the  military 
orthopaedists  of  France.^ 


CXXII. — A.  Amputation  of  the  Thigh. — (a)  The'''  Pestle" 
Type  with  Locking- Joint. — In  the  case  of  patients  who  have 
suffered  amputation  of  the  thigh,  we  must  first  of  all  consider 
the  old-fashioned  “ wooden  leg,”  of  the  “ pestle  ” type, 
jointed  at  the  knee,  but  with  a locking-joint.  Tliis  is  suited 
to  persons  of  rural  pursuits,  and  also  to  all  those  whose  work 
necessitates  much  moving  about,  and  causes  a certain  amount 
of  fatigue.  The  rigid  or  non-articulated  wooden  leg,  which 
was  known  even  in  the  days  of  Pericles,  is  a makeshift,  or, 
in  the  words  of  ParA  “ the  poor  man’s  leg.” 

To-day  both  industrial  and  social  progress  condemn  the 
employment  of  such  a wretched  and  primitive  prothesis. 

The  “ pestle  ” type  of  leg  with  the  lock,  on  the  other  hand, 
if  it  is  made  as  it  should  be,  offers  notable  advantages  over  its 
predecessor.  It  comprises  the  organ  of  attachment,  the  thigh- 
piece,  the  knee,  and  the  leg-piece. 

The  organ  of  attachment  consists  of  an  abdominal  girdle 
G,  a brace,  B,  and  a sling  (Fig.  85).  The  girdle  is  of  flexible 
leather,  1-6  inches  wide,  or  it  may  be  of  strong  ticking,  3-2 
inches  wide.  It  buckles  in  front.  It  is  joined  to  the  thigh- 
piece  by  means  of  a hip-piece  H,  having  almost  the  shape  of 
a letter  T,  which  is  made  of  steel.  The  horizontal  portion  of 
the  hip-piece,  riveted  and  brazed  to  the  vertical  portion,  is 
attached  by  means  of  two  rivets  to  the  belt,  which  is  divided 
for  the  purpose.  The  vertical  portion  contains  two  articula- 
tions ; firstly  a socket-joint  /,  situated  about  one-sixth  of 

^ Since  13  June,  1916.  The  results  of  the  labours  of  the  Specifications  Com- 
mission (Commission  du  Cahicr  des  charges)  are  assembled  in  the  Prothetic 
Laboratory  of  the  Conservatoire  National  des  Arts  et  Metiers. 
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an  inch  l)eliind  the  anatomical  coxo-femoral  articulation, 
working  in  the  antero-posterior  plane,  which  reaches  the  edge 
of  the  great  trochanter  ; secondly,  a hinge  h,  with  a check 
which  limits  the  Ilexion  external  to  the  pelvis  to  30°  ; it  is 
placed  immediately  beneath  the  horizontal  branch.  The 
vertex  is  -4  of  an  inch  behind  and  on  a level  with  the  iliac 
crest. 

The  hip-piece  is  lined  with  leather  or  ticking,  and  is  padded. 
It  prolongs  the  external  standard,  ,S,  of  the  thigh-piece. 
Care  must  be  taken  that  it  fits  very  accurately  to  the  body, 
whose  shape  it  assumes. 

For  short  stumps  the  hinge  h must  be  suppressed. 

The  brace  is  made  of  strong  elastic  webbing,  one  and  a half 
inches  wide.  Its  extremities  are  riveted,  one  to  the  outer 
surface  of  the  thigh-piece,  toward  the  middle  of  the  body 
in  front,  and  the  other  to  the  side  at  the  back  ; it  buckles  in 
front,  after  passing  over  the  opposite  shoulder  ; it  is  kept 
in  place  by  a second  brace  which  passes  over  the  other  shoulder. 

Finally,  the  sling  consists  of  a piece  of  catgut,  which  passes 
under  a little  pulley,  P,  which  is  fixed  to  the  inner  standard 
of  the  thigh-piece  ; it  is  attached  to  the  girdle  front  and  back 
by  means  of  straps  and  buckles. 

CXXIII. — The  thigh-piece,  T.P.,  is  a conical  sheath,  of 
moulded  leather,  as  rigid  as  possible  (density  = 1),  lined  with 
very  tough  chamois  leather.  It  presents  a comparatively 
flat  surface  corresponding  to  the  external  and  lateral  portion 
of  the  stump,  which  ensures  a firm  attachment  (see  section). 

The  whole  of  the  supporting  surface  is  as  rigid  as  possible, 
and  of  reduced  thickness 

The  sheath  is  armed  with  two  steel  standards,  S and  S', 
about  nine-tenths  of  an  inch  in  width  and  one-.sixth  of  an 
inch  in  thickness.  About  the  region  of  the  knee  this  thickness 
is  increased  to  one-fifth  of  an  inch.  These  standards  are 
parallel  with  the  axis  of  the  femur,  outside  and  inside,  and 
are  riveted  firmly  to  the  thigh-piece  with  cop])er  rivets.  A 
circular  hoop  of  mild  steel,  C,  also  riveted  (an  inch  and  a 
quarter  in  width  and  a twelfth  of  an  inch  in  thickness),  unites 
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the  lower  extremities  of  tlie  stanchirds.  Tlie  outer  standard 
is  ])iYoted  to  the  hip-piece,  as  we  have  seen. 

A second  hoop,  or  rather  half-hoop,  of  nickel-plated  steel 
unites  the  two  standards  internally  toward  their  upper 
extremities.  One  end  of  it  overlaps  the  internal  standard 
by  two  inches  or  so,  and  then  turns  downwards.  The  hoop 
is  therefore  comjilete  at  the  back  and  open  in  front.  The 
postero-internal  portion  is  widely  splayed,  the  upper  edge 
being  turned  outward  from  the  axis  of  the  limb. 

The  thigh-piece  is  split  in  front  as  far  as  an  opening  V which 
serves  as  a ventilator,  and  here  the  two  halves  of  the  sheath 
are  united.  There  is  a sullicient  interval  left  between  two 
rows  of  eyelet-holes  to  permit  of  the  progressive  tighlening 
of  the  lace  as  the  stump  diminishes  in  size.  The  closing  of 
the  thigh-])iece  is  completed  by  means  of  three  straps,  sewn 
and  riveted,  which  buckle  toward  the  side  of  the  outer 
standard. 

The  rim  of  the  thigh-piece  is  scalloped  on  the  postero- 
internal edge,  corresponding  to  a concave  line  of  ischial  suppoii. 
This  portion  is  slightly  padded,  in  order  that  it  may  not  rub 
nor  inconvenience  the  opposite  thigh.  The  remainder  of  the 
rim  is  convex  in  form,  bending  inwards,  and  higher  at  the 
level  of  the  hip-piece.  The  thigh,  supporting  the  ischium, 
is  thus  gripped  on  every  side,  and  cannot  turn  in  the  thigh- 
piece. 

This  latter,  tinally,  terminates  in  a separate  leather  cap, 
stamped  or  hammered,  and  seamless,  which  is  riveted  to  and 
strengthened  by  the  lower  steel  hoop,  which,  like  the  upper 
hoop,  is  nickel-jilated. 

CXXIV. — The  knee  comprises  a stirrup  of  forged  steel, 
fixed  by  two  screws  to  the  staiulards,  which  are  curved  in 
such  a way  as  to  keep  the  axis  of  the  articulation  two-fifths 
of  an  inch  to  the  rear  of  a vertical  line  dropped  from  the 
coxo-femoral  articulation.  The  articulation  of  the  knee 
consists  of  two  butt-hinges,  giving  a flexion  of  90°.  They 
are  contrived  in  two  flattened  shoulder-pieces  which  form  the 
lower  extremities  of  the  standards.  The  form  of  the  stirrup 
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is  that  of  a deep  curve  (parabolic) ; its  thickness  is  one-fifth 
of  an  inch,  and  its  greatest  width  one  and  a half  inches. 

The  pivot  of  each  articulation  is  riveted  on  the  inner  face 
of  the  stirrup  ; the  shoulder-pieces  are  bored,  and  free  at  the 
extremities  ; the  faces  of  the  shoulders  meet  in  a plane  which 
passes  through  the  axis  of  the  bearings,  making  an  angle  of 
60°  with  the  horizontal. 

The  stirrup  clears  the  cap  of  the  thigh-piece  by  three-fifths  of 
an  inch  at  the  centre.  At  its  base  is  affixed  perpendicularly,  on 
a verlical  axis,  by  means  of  two  tenons  diametrically  opposed, 
a hollow  steel  tube  in  which  the  shank  is  fixed.  The  tenons 
are  riveted  into  mortices  cut  in  the  thickness  of  the  stiiiup, 
and  the  joint  is  then  brazed.  A flat  forged  in  the  stiirup 
facilitates  the  adjustment  of  the  two  portions  without  i educing 
the  thickness  of  the  metal. 

The  knee  also  comprises  a bilateral  locking-bolt,  an  arc  of 
steel  whose  extremities  are  fixed  by  screws  to  the  outer  sides 
of  the  two  standards  of  the  thigh-piece.  It  may  lie  in  bunt 
or  behind  the  latter  indifferently.  It  bears  a spur  at  either 
extremitv,  lying  in  the  plane  of  each  articulation  of  the  stirrup. 

It  lies  as  close  to  the  thigh-piece  as  possible. 

The  spur  must  be  so  contrived  as  to  engage  accuiately  in 
the  angle  formed  by  the  shoulder-piece  of  the  standard.  The 
bolt  is  alike  at  both  ends  ; its  section  is  oval,  except  at  the 
extremities,  which  are  flat,  and  one-fifth  of  an  inch  in  thickness. 
A powerful  elastic  tractor  is  attached  to  the  bilateral  bolt  at 
the  summit  of  the  arc,  and  also  to  the  steel  tube  of  the  shank. 
It  serves  to  send  the  bolt  home  when  it  is  intended  to  lock 
the  articulation  of  the  knee.  But  to  allow  of  flexion  the  bolt 
is  raised  by  means  of  a string  of  catgut,  one  end  of  which  is 
fixed  to  the  centre  of  the  arc,  while  the  other  runs  through 
an  eyelet  riveted  to  the  upper  portion  of  the  thigh-piece. 
It  is  attached  to  a small  knob  or  handle,  which  is  pulled  to 

disengage  the  bolt. 


CXXV.— The  shank  is  made  of  ash,  in  preference  to  any 
other  wood,  and  is  cylindro-conical ; its  diametei  \aiies  from 
1-3  inches  to  1-7  inches.  The  tip  is  enlarged  to  2-8  inches. 
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and  a sole  of  leather  is  alTixed  to  it  with  nails.  The  lower 
surface  of  the  “ shoe  ” is  convex,  with  a radius  of  3-6  inches. 
Between  the  leather  and  the  wood  is  a circular  piece  of  sheet 
rubber,  one-tenth  of  an  inch  in  thickness. 

The  shank  is  fixed  to  the  thigh-piece  by  means  of  a hollow 
tube  brazed  to  the  stirrup.  The  upper  end  of  the  shank  is 
shod  with  a tube  of  steel  fixed  by  means  of  screws  ; a gentle 
pressure  should  suffice  to  make  it  enter  the  sleeve  of  the 
stirrup.  A small  hole  is  drilled  through  the  shank,  and  a 
boss  is  brazed  to  the  external  sleeve,  boss  and  shank  being 
drilled  and  tapped.  The  shank  is  fixed  by  means  of  a thumb- 
screw. For  country  work  the  shank  should  have  a shoe 
4-8  inches  in  diameter,  fashioned  precisely  like  the  smaller 
shoe.  If  the  weather  is  damp  or  the  soil  moist  the  sole 
should  be  grea.sed,  in  order  to  avoid  such  a phenomenon  of 
suction  as  is  produced,  for  instance,  by  a school-boy’s  wash- 
leather  “ sucker.”  The  objection  to  wooden  shanks  is  their 
fragility  ; they  expose  tlie  wearer  to  accidents  ; a hollow 
tube  of  duralumin  might  be  substituted,  the  wooden  shoe  being 
screwed  into  the  lower  end  of  it  ; or  shanks  of  hollow  wood 
may  be  employed,  of  a larger  diameter. 

'fhis  type  of  “ wooden  leg  ” should  never  exceed  a total 
weight  of  5-4  lbs. 

Returning  to  the  princii)les  of  scientific  jirothesis,  we  find 
that  the  appliances  of  the  ‘‘  pestle  ” type  ])ossess  a small 
inertia,  afford  great  security  of  support,  and  cause  a minimum 
of  fatigue  while  walking.  From  this  latter  point  of  view  it  is 
more  painful  to  throw  the  leg  out  sideways  in  walking,  as  is 
necessaiy  if  the  shank  is  too  long,  than  to  limp  slightly  with 
a shank  of  insufficient  length. 

Let  us  add  that  certain  orthopaedists  occasionally  replace 
the  round  “ shoe  ” by  an  actual  “ wooden  foot,”  articulated 
in  the  fore-part,  'fhis  is  physiologically  incorrect. 

Fig.  86  shows  a bad  pattern  of  ” parade  ” leg,  with  a leather 
legging.  It  is  fixed  by  means  of  an  interior  shank  to  the 
stirrup,  the  cylindrical  shank  having  first  been  removed.  The 
correct  form  of  “ parade  ” or  “ sho\\  ” leg  (Fig.  85)  is  articu- 
lated at  the  ankle. 
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fire  “ wooden  leg  ” of  the  type  described  can  easily  be 
affixed  to  anv  thigh  stum])  in  which  the.  bony  lever  |)rojects 


Fu  Sa— L3g.sof  the“Po3tle  ’Tvpe.— Xa.  I Model  with  Lockmg-jomt, and  defective 
“ Parade  ” Leg.  On  the  right  a real  “ Wooden  Leg. 

more  than  two  inches  beyond  the.  inguinal  crease  in  the  case 
of  very  high  amputations.  Where  the  lever  projects  less  than 
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llie  shank  is  fixed  to  the  Ihigh-piece  l)y  means  of  a liollow 
lid)e  brazed  lo  llie  slirruj).  The  upper  end  of  the  shank  is 
shod  with  a lube  of  slcel  fixed  liy  means  of  screws  ; a gentle 
pressure  should  sudice  to  make  it  enter  the  sleeve  of  the 
stirru]).  A small  hole  is  drilled  through  the  shank,  and  a 
boss  is  brazed  lo  Uie  exleinal  sleeve,  boss  and  shank  bciim 
drilled  and  tajijied.  The  shank  is  fixed  by  means  of  a Ihumb- 
screw.  f'or  country  work  llie  shank  should  have  a shoe 
4-8  inches  in  dianieler,  fashioned  jirecisely  like  llie  smaller 
shoe.  If  llie  wealher  is  daiiij)  or  Ihe  soil  nioisL  Ihe  sole 
should  be  greased,  in  order  to  avoiil  such  a ])henonieiion  of 
suction  as  is  produced,  for  iiislaiice,  by  a school-boy's  wash- 
lealher  ‘‘  sucker."  4'he  objection  to  wooden  shanks  is  their 
tragilily  ; they  exjiose  Ihe  wearer  to  accidents  ; a hollow 
tube  of  (lumhimin  might  be  substituted,  the  wooden  shoe  being- 
screwed  into  the.  lower  end  of  it  ; or  shanks  of  hollow  wood 
may  be  employed,  of  a larger  diameter. 

fhis  type  of  " wooden  leg  ” should  never  exceed  a total 
weight  of  5-1  lbs. 

lleturiiing  to  the  principles  of  scientific  ju’ofhesis,  we  find 
that  the  ajipliance.s  of  the  “ pestle  ” type  ])ossess  a small 
inertia,  alTord  great  security  of  support,  and  cause  a minimiim 
of  fatigue  while  walking.  From  this  latter  ])oint  of  view  it  is 
more  painful  lo  throw  the  leg  out  sideways  in  walking,  as  is 
necessary  if  the  shank  is  too  long,  than  lo  limp  slighth'  with 
a shank  of  insullicient  length. 

Let  us  add  that  certain  ortho])ae<lists  occasionally  replace 
the  round  " shoe  ” by  an  actual  “ wooden  fool,”  articulated 
in  the  fore-j)ai'l.  'fhis  is  physiologically  incorrecl. 

Fig.  86  shows  a bad  pattern  of  “ parade  ” leg,  with  a leather 
legging.  It  is  fixed  by  means  of  an  interior  shank  to  the 
stirrup,  the  cylindrical  shank  having  first  been  removed.  The 
correct  form  of  “ parade  ” or  “ show  ” leg  (Fig.  85)  is  articu- 
lated at  the  ankle. 
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two  iiiclies  lieyoiul  the  inguinal  crease,  or  in  cases  of  disarticula- 
tion, the  arrangement  shown  in  Fig.  87  will  be  adopted. 

There  are  three  types 

Hof  the  “ wooden  leg  ” 

with  the  bolt  or  knee- 
lock  ; Nos.  1,  2 and  3, 
the  two  latter  character- 
ised by  a wide  moulded 
girdle,  while  No.  3 pos- 
sesses a double-action 
bolt  B and  a guide-rail 
R,  with  a thigh-piece  the 
back  of  which  consists  of 
flexible  leather. 


appearances  and  me 
fashion.  The  artificial 
leg,  furnished  with  an 
articulated  foot,  restores 
locomotion  (as  far  as 
walking  goes)  to  a degree 
which  is  almost  normal, 
and  entirely  normal  if 
the  leg  has  been  ampu- 
tated some  distance  below 
the  knee,  and  if  there  is  no  anchylosis  of  this  important 
articulation. 

We  must  briefly  recall  the  experimental  data  of  walking^ 

' For  further  details  see  Le  Moleur  Ilumain,  pj).  440-468. 


. — Wooden  Leg  with  Locking- joint 
3,  for  cases  of  Disarticulation  of  the 


two  iiu'hes  hoyond  Ihe  inguinal  CTcasc,  or  in  cases  of  disarticula- 
lion,  I lie  aiTangeinent  sliown  in  Fig.  87  Avill  lie  adopted. 

'I'liere  are  three  types 

Mof  the  “ wooden  leg  ” 

o 

with  the  holt  or  knee- 
lock  ; Xos.  1,  2 and  3, 
the  two  latter  character- 
ised bv  a wide  moulded 
girdle,  while  Xo.  3 pos- 
sesses a double-action 
bolt  B and  a guide-rail 
B,  with  a thigh-piece  the 
back  of  which  consists  of 
llexible  leather. 


CXXVL-  (b).  Thc  ^^ Ar- 
tificial LcgA-  But  it  is 
the  “artificial  leg”  which 
is  ])rinci])ally  used  by  the 
majority  of  artisans, 
clerks,  memhers  of  the 
liberal  professions,  etc. ; 
in  a word,  by  all  those 
who  have  to  consider 
ajipearances  and  the 
fashion.  The  artilicial 
leg,  furnished  with  an 
articulated  foot,  restores 
locomotion  (as  far  as 
walking  goes)  to  a degree 
which  is  almost  normal, 

and  entirelv  normal  if 
% 

the  leg  has  heen  ampu- 
tated some  distance  below 
the  knee,  and  il  there  is  no  anchylosis  of  this  impoidant 
articulation. 

We  must  brietly  recall  the  expcrimenial  data  of  walking^ 

).  44(!-4()S. 


Fib.  hT.- — Wodden  Leg  with  Lockhig-joint 
Xo.  for  cases  of  JJisaitk  ulation  <»f  tl;e 
Hip-joint. 


in  order  to  throw  a light  on  the  entire  problem  of  the  iirothesis 
of  the  legs. 

The  phases  of  the  step  are  exjilained  by  Fdg.  88  ; the 


‘ For  further  details  see  Le  Moteur  II n main 


('liifHio-pliofogi'tiphic  I’liases  of  Walking. 
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supporliiKi  leg  forms  willi  the  fool  an  angle  of  90°,  which  may 
be  increased  l)y  20°  or  25 l)nt  rarely  diminishes.  The 
libio-tarsal  arlicnlation  of  an  arlilicial  leg  should  therefore 
allow  of  an  average  excursion  of  20°  beyond  the  right  angle, 
but  not  more  than  this.  It  is,  on  the  other  hand,  if  we  are 
facing  the  subject,  behind  the  articulation  of  the  knee,  and 
this  latter  is  two-fifths  of  an  inch  behind  the  coxo-femoral 
articulation  ; the  thigh,  therefore,  has  an  obliiiue  antero- 
posterior inclination,  and  the  line  of  gravity  of  the  body  jiasses 
through  a ])oinl  in  advance  of  the  tibio-tarsal  articulation, 
jM'evenling  the  hcnditui  of  Ihv  knees.  'Hie  contraction  of  the 
(piadriceps  produces  the  same  cITect.  We  must  therefore 
give  the  hinge  of  the  knee-joint  sullicient  jilay  to  allow  of 
walking  on  the  level,  ascending  a staircase,  or  sitting  down, 
but  must  endeavour  to  avoid  the  tendency  to  sudden  tlexions, 
which  would  result  in  falls,  'khc  walk  must  not  be  a series 
of  oscillations  of  the  artificial  limb  caused  by  the  periodic 
im})ulsions  of  the  stum|).  We  know  also  that  the  thigh  and 
the  lower  leg  form  a less  angle  than  180°,  and  that  during 
the  phase  of  impulsion  the  rear  lower  leg  leaves  the  ground 
flexed  at  an  angle  of  about  1()0°. 

Finally,  I will  add  this  important  detail,  that  the  foot  should 
be  turned  15°  oulwaids,  and  that  its  inner  edije  should  be 
slighlly  raised.  In  this  way  a defective  gait  will  be  avoided, 
as  also  lateral  oscillations  of  the  body. 

Many  types  of  artificial  leg,  constructed  of  wood  and 
leather,  have  sought  to  reproduce  this  or  that  physiological 
element  of  the  gait.  None  of  these  are  perjeclh]  lational. 

The  American  models,  perfected  during  the  years  which 
followed  the  War  of  .Secession  (18tiO-18G5),  have  often  appeared 
to  possess  great  advantages.  In  reality  these  appliances 
are  copies  of  one  another,  and  remain  faithful  to  uniform  rules 
of  construction  which  are  far  from  satisfactory.  The  foot  is 
too  heainj,  and  its  excursion  badly  calculated  ; the  knee,  too 
loose,  betrays  the  considerable  inertia  of  the  lower  leg  by 
means  of  jerks  ; the  lower  leg  itself,  accordingly,  is  subject 
to  sudden  oscillations,  which  have  to  be  corrected  by  the 
impulses  of  the  other  leg  ; otherwise  the  necessary  e.vtension 
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of  the  limb  in  its  phase  of  vertical  support  will  not  lie  obtained. 
Above  all,  the  articulations  are  not  in  their  rif/ht  places  ; so 


that  the  wearer  runs  the  risk 


of  an  occasional  accidental 


flexion  of  the  knee  ; that  is,  of  a fall. 

These  faults  are  in  themselves  sutliciently  serious  : I need 


not  therefore  insist  on  the  insufficient  attachment  of  the  organs 
by  means  of  simjile  braces  ; the  incorrect  formation  of  the 
thigh-pieces,  which  do  not  closely  embrace  the  supjiorting 
surfaces  of  the  stump  ; the  resonance  of  wood,  which  makes 
a sounding-box  of  the  aiijiliance,  and  its  fragility. 

In  the  victims  of  amputation  who  have  worn  artificial  limbs 
of  the  American  type,  and  have  covered  a mile  or  more  at 
their  own  pace,  I have  noted  a defective,  often  dangerous, 
and  always  fatiguing  gait.  Nevertheless,  there  are  some 
American  models  which  api)ear  to  me  to  be  highly  satisfactory. 


CXXVH.  Expert  Examination  of  an  Artificial  or 
“ Wooden  ” Leg. — The  methoil  of  observation  to  be  apj)lied  to 
prothetic  appliances  of  the  lower  limb  is  two-fold.  On  the  one 
hand  I register,  on  my  dynamoyraphic  yanyway,^  all  the  phases 
of  support  and  propulsion,  the  locomotive  ell'orts,  and  the 
duration  of  the  elements  of  activity  of  the  two  legs,  the  normal 
and  the  artificial  (Fig.  89).  On  the  other  hand,  I measure,  by 
means  of  the  resi)iration  gauge  (p.  71),  the  expenditure  of 
energy  involved  by  walking  1 kilometre  with  the  model  under 
examination. 

5Ve  may  state  simply  that  the  yanyway  records,  for  each 
of  the  two  lower  limbs,  four  kinds  of  forces  : the  sup])orfing 
pressure,  the  backward  impulse,  and  the  lateral  thrusts, 
outward  and  inward,  as  shown  in  Fig.  90.  I'he  ap])aratus 
consists  of  levers  resting  on  s])rings  of  calculated  strength, 
which  are  in  contact  with  small  rubber  bulbs.  The  graphs 
obtained  (Fig.  91)  show  that  ])easants  naturally  walk  with  a 
gait  rather  similar  to  that  of  the  arlilicial  limb  ; thev  throw 
the  feet  outwards  a little,  and  the  backward  imiiulsioii  is 
negligent.  Every  defect  in  locomotion  which  can  be  imputed 
to  the  model  under  examination  is  cleaiiv  revealed  in  the  trac- 

V 

^ C.B,  AcdfL  Sc.,  31  July,  Vo!.  CLXIIJ.,  p.  130. 
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Vertical  Pressure 


Amputation  oF 
lower  leg 


Inward  Thrust 


aviau 


Outward  Thrust 

Pluchot 

(Normal) 


V/bafUe 

(peasant  • Normal) 


Time  in  FiFths  oF  a second 


Backward  Impulse 


Inward  Thrust 


Outward  Thrust 


,v.  SotHt.^ 


Elevation  Stretcher 

BB  Bulbs  S S-Sprin. 

Dynamographic  Gangway 


ings.  In  })articnlar,  if  I lie  cripple  leans  much  less  heavily 
on  it  than  on  his  sound  leg.  Ihe  appliance  is  badly  designed 
or  fitted,  or  there  is  some  cause  of  jiain,  or  fatigue  merely. 
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Pig.  91. — Tracings  of  Footsteps  made  with  the  Dynamographic  Gangway. 
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l-'u;.  ill.  Tracings  of  Footstcjis  made  with  the  Dynainograiiliie  Ganaway. 
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We  may  llius  j)ronounce,  without  fear  of  error,  on  the  compara- 
tive value  of  the  dilTerenl  models,  and  on  the  progress  accom- 
plished in  their  manufacture. 

A faithful,  precise,  and  impartial  analysis  is  obtained,  which 
will  prove  a reliable  guide  to  the  lechnicpie  of  orthopaedics, 
and  will  fertilise  the  mind  of  the  inventor. 

The  gangway  is  also  employed  in  order  to  watch  the  efl'ects 
of  the  functional  re-education  of  the  limbs  ; it  corrects  the 
process,  and  accelerates  it. 


CXXVIII.  A Model  Appliance  for  a Case  of  Femoral 
Amputation. — 1 will  here  describe  the  type  of  artificial 
leg  (Fig.  92,  to  the  left)  which  is  at  present  the  best.  Let  us 
begin  with  the  IhUjh-piecc.  This  is  precisely  like  the  thigh- 
piece  of  the  type  already  described,  with  its  organs  of  attach- 
ment, girdle  and  hip-piece,  and  brace  with  double  buckles  ; 
its  organs  of  consolidation  are  two  lateral  standards  and  two 
metallic  hoops.  The  knee  contains  two  hinged  articulations 
contrived,  in  a line  with  the  transverse  axis,  in  the  standards 
of  the  thigh-piece  and  the  lower  leg.  They  are  countersunk, 
with  a check  which  limits  their  play  to  an  angle  of  85°  of 
flexion.  The  external  cheek  forms  a iiortion  of  the  metallic 
standard  of  the  lower  leg  ; it  is  fixed  upon  the  other  by  means 
of  a pivot  and  lock-nut. 

When  the  apjiliance  is  in  use  the  articular  centre  of  the 
knee  should  be  - of  an  inch  behind  the  line  of  the  coxo-femoral 
articulation.  The  standards  are  elbowed  to  give  this  result. 
The  thigh-piece  is  modified  in  the  lower  portion  ; the.  leather 
caj)  is  pierced  by  a slit  running  in  an  antero-posterior  direction, 
ill  order  to  allow  an  clastic  tractor,  T,  to  pass  through  it. 


The  object  of  the  latter  is  to  oppose  a greater  or  less  resistance 


to  the  Ilexion  of  the  knee.  It  is  therefore  made  adjustable 
at  will.  For  purposes  of  adjustment  a catgut  string  is  attached 
to  the  interior,  in  front,  at  the  base  of  the  standards  of  the 


thigh-piece  ; it  extends  at  least  1*  inches  beyond  the  total 
height  of  the  cap,  and  is  attached  to  a spiral  spring  of 
steel,  of  approjiriate  strength.  strap  ol  tougli,  flexible 
leather,  pierced  with  eyeletted  holes,  coinjiletes  tlie  attach- 
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ments  of  the  tractor.  II  passes  through  a little  windoAV 
contrived  at  the  base  of  the  calf,  in  a prolongation  of  the 


For  a Case  of  Amj)utation  of  the 
lower  Leg  (short  stump). 


Fur  Cases  of  Amjmtation  of  Thigh 


Artitieial  I>egs  in  leather 


malleolar  circle,  and  makes  it  possible  to  regulate  the  tension 
by  hooking  this  or  that  eyelet  on  the  stud  on  the  forepart  of 
the  limb. 
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WV  inav  lluis  pronounce,  willioiil  Tear  ol  error,  on  the  compara- 
tive value  of  the  dilTerent  models,  and  on  the  pro<>ress  accom- 
])lishe.d  in  tlieii*  manufacture. 

A faithful,  |)recise,  and  impaidial  analysis  is  obtained,  which 
will  pi’ove.  a reliable  “uide  to  the  lechnicpie  ol  orthopaedics, 
and  will  feidilise  the  mind  of  the  inventor. 

The  ijian^wav  is  also  em])loyed  in  order  to  watch  the  elTects 
of  the  functional  re-education  of  the  limbs  ; it  corrects  the 
process,  and  accelerates  it. 

CXXVIII.  A Model  Appliance  for  a Case  of  Femoral 
Amputation.  —1  will  here  describe  the  lyi)e  of  artilicial 
let>‘  b2,  to  the  left)  which  is  at  present  the  best.  Let  us 

bej^iii  with  the  lliifih-pircc,  'This  is  precisely  like  the  thigh- 
piece  of  the  tvpe  already  described,  with  its  organs  of  allach- 
menl,  girdle  and  hip-piece,  and  brace  with  double  buckles; 
its  organs  of  consolidation  are  two  lateral  standards  and  two 
metallic  hoops.  The  knee  contains  two  hinged  articulations 
conti'ived,  in  a line  with  the  transverse  axis,  in  the  standards 
of  the  thigh-piece  and  the  lower  leg.  d'hey  are  countersunk, 
with  a check  which  limits  their  |)lav  to  an  angle  of  85°  of 
ilexion.  The  external  cheek  forms  a ])ortion  ol  the  metallic 
standard  of  the  lower  leg  ; it  is  lixed  ui)on  the  olhei*  by  means 
of  a ])ivol  and  lock-nut. 

When  the  ai)pliance  is  in  use  the  articular  centre  ol  the 
knee  should  be  " of  an  inch  behind  llie  line  of  the  coxo-lemoral 
articulation.  The  standai'ds  are  elbowed  to  give  this  result. 
The  thigh-piece  is  modilied  in  the  lower  portion  ; tlie  leather 
cap  is  ])ierced  by  a slit  running  in  an  antero-posterior  direction, 
in  order  to  allow  an  elastic  tractor,  d,  to  pass  through  it. 
'The  object  of  tlu*  latter  is  to  oppose  a gi’eater  or  less  resistance 
to  the  Ilexion  of  the  knee.  It  is  therefore  made  adjustable 
at  will.  1m)I‘  purposes  of  adjustment  a catgut  sti'ing  is  attached 
to  the  interioi',  in  front,  at  the  base  of  the  standards  ol  the 
thigh-|)iece  ; it  extends  at  least  l‘  inches  beyond  the  total 
height  of  the  cap,  and  is  attached  to  a spiral  s|)ring  of 
steel,  of  ai)pi'opriale  sti'ength.  A sli*ap  ol  lough,  ilexible 
leather,  pierced  with  eyeletled  holes,  completes  the  allach- 
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nuMits  of  the  tractor.  It  passes  Ihi’ough  a little  wind()^^ 
contriV(‘d  at  the  base  of  the  calf,  in  a |)rolongali(m  ol  the 
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'Die  elastic  ecjuilibrium  of  the  knee  is  completed  by  a 
tractor  T,  which  acts  upon  the  posterior  face,  being  firmly 
riveted  to  two  attachments,  on  the  lower  portion  of  the  thigh 
and  the  upper  portion  of  the  calf. 

Finally,  to  prevent  the  leather  from  “giving,”  the  slit  in 
the  cap,  and  the  upper  edge  of  the  calf,  are  bound  with  a strip 
of  steel  which  keejis  the  material  strictly  in  shape.  It  is 
riveted  with  small  copper  rivets. 

The  lower  leg  or  “ gaiter  ” is  a sheath  of  moulded  leather, 
approaching  as  closely  as  possible  to  the  shajie  and  size  of 
the  sound  lower  leg.  Two  lateral  standards,  about  of 
an  inch  in  width,  riveted  to  the  leather,  ensure  rigidity. 
They  terminate  at  the  upper  extremities  in  the  articulations 
of  the  knee,  while  at  their  lower  extremities  they  are  drilled 
to  receive  the  axis  of  the  malleolar  articulation.  A semi- 
circle of  steel,  placed  behind  and  a little  below  the  knee, 
strengthens  the  standards  and  the  leather  sheath.  The  foot 
is  wholly  of  wood,  or  the  fore  part  1"  may  be  of  felt,  glued  upon 
the  malleolar  portion.  In  either  case  there  will  be  a “ wooden 
ankle,”  with  socket  articulation  : the  shank-piece  furnishes 
the  socket  or  mortise,  and  the  foot  the  tenon. 

A steel  axis,  covered  with  leather,  traverses  the  whole 
joint  and  the  lower  extremities  of  the  standards  ; it  is  inclined 
from  front  to  back  and  from  inside  to  out.side,  in  order  to 
throw  the  foot  outwards,  so  that  it  makes  an  angle  of  15° 
with  the  antero-posterior  line. 

The  angle  which  the  lower  leg  makes  with  the  foot  is  one  of 
90°,  which  mav  be  increased  to  1 10°  onlv.  These  limits  are 
assigned  by  the  uniform  and  elastic  action  of  a “ double-action  ” 
spring,  made  of  steel  wire  one-sixth  of  an  inch  in  diameter. 
The  felt  toe-piece  gives  lightness,  and  also  a Ilexibility  which 
may  dispense  with  an  anterior  articulation. 

Fig.  93  shows,  beside  the  type  which  has  been  de.scribed, 
the  average  weight  of  which  is  7J  lbs.,  models  constructed  of 
wood,  either  of  French  or  American  make.  The  foot  possesses 
two  articulations  ; the  cheeks  or  abutments  are  padded  with 
rubber.  The  appliance  worn  by  the  cripple  is  the  most 
interesting.  'This  French  model  is  characterised  by  tlie 
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ingenious  articulation  of  the  knee.  Here  we  see  a check- 
piece,  C,  with  two  elbows,  formed  of  a piece  of  steel  which 
is  pivoted  on  an  internal  axis  situated  at  the  base  of  the 
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Fio.  93. — Models  of  artiticial  Legs  in  Wood  (the  two  central  Models) 

and  Leather  (left  and  right). 

thigh-piece,  the  free  end  of  which  abuts  upon  the  posterior 
surface,  of  the  lower  leg  (Fig.  94).  It  rests  in  contact 
with  this  surface  owing  to  the  action  of  the  tractor  T.  'I'liis 
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'I'lie  1‘laslic  equilil^riuin  of  the  knee  is  coin])leto(I  hy  a 
tractor  whicli  acts  u|)on  the  ])osterior  face,  being  lirnily 
riveted  to  two  attachments,  on  tlic  lower  portion  of  llie  thigh 
and  the  u])i)er  ])orlion  of  tlie  calf. 

b'inally,  to  prevent  the  leather  from  “ giving,”  the  slit  in 
the  cap,  and  the  upper  edge  of  the  calf,  are  bound  with  a strip 
of  steel  which  kec])s  the  material  strictly  in  shape.  It  is 
riveted  with  small  c()p])er  rivets. 

The  lower  leg  or  ” gaiter  ” is  a sheath  of  moulded  leather, 
ap])roaching  as  closely  as  possibh-  to  the  sha])e  and  size  of 
the  sound  lower  leg.  Two  lateral  standards,  about  of 
an  inch  in  width,  riveted  to  the  leather,  ensure  rigidity. 
They  terminate  at  the  u])per  extremities  in  the  articulations 
of  the  knee,  while  at  their  lower  extremities  they  are  drilled 
to  receive  the  axis  of  the  malleolar  articulation.  A semi- 
circle of  steel,  placed  behind  and  a little  below  the  knee, 
strengthens  the  standards  and  the  leather  sheath.  'I'lie  foot 
is  wholly  of  wood,  or  the  fore  part  1"  may  be  of  felt,  glued  upon 
the  malleolar  portion.  In  cither  case  there  will  be  a “ wooden 
ankle.”  with  socket  articulation  ; the  shank-piece  furnishes 
the.  socket  or  mortise,  and  the  foot  the  tenon. 

A steel  axis,  covered  with  leathei’,  traverses  the  whole 
joint  and  the  lower  extremities  of  the  standards  ; it  is  inclined 
from  front  to  back  and  from  inside  to  outside,  in  order  to 
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throw  the  foot  outwards,  so  that  it  makes  an  angle  of  15 
with  the  ;mtero-posterior  line. 

'I’he  angle  which  the  lower  leg  makes  with  the  foot  is  one  of 
90°,  which  may  be  increased  to  110  only.  'I'liese  limits  are 
assigned  by  the  uniform  and  elastic  action  of  a “ double-action  ” 
spring,  made  of  steel  wire  one-sixth  of  an  inch  in  diameter, 
'fhe  felt  toe-])iece  gives  lightness,  and  also  a Ilexibility  which 
may  dispen.se  with  an  anterior  articulation. 

l'5g.  93  shows,  beside  the  ty])c  which  has  been  described, 
the  tiverage  weight  of  which  is  7]  lbs.,  models  constructed  of 
wood,  either  of  French  or  American  make.  'I  he  foot  possesses 
two  articulations  ; the  cheeks  or  abutments  are  j)added  with 
rubber.  The  appliance  worn  by  the  crij)j)le  is  the  most 
interesting.  'I'his  I’rench  model  is  characterised  bv  the 


‘ ■ • J-v  • 


riir:  nF>m)rc.ATioN  of  wah-chiimm.f'.s 


ingenious  articulation  of  the  knee.  Here  we  see  a check- 
])iece,  C,  with  two  elbows,  formed  of  a ])iece  of  steel  which 
is  |)ivoted  on  an  intei’iial  axis  situated  at  the  base  of  the 


-Models  of  aitilk-ial  Ix'gs  in  Wood  (the  two  cential  .Models) 
and  Leather  (left  and  riftht). 


thigh-jfiece,  the  free  end  of  which  abuts  u])on  the  posterior 
surface,  of  the  lower  leg  (big.  91).  It  rests  in  contact 
with  this  surface  owing  to  the  action  of  the  tractor  T.  This 


\ 
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mechanism  fulfils  a double  function  ; it  limits  the  forward 
play  of  the  thigh  upon  the  lower  leg  to  an  angle  of  180°  ; and 
it  aiilomaticalh]  rights  the  lower  leg  in  case  of  a flexion  greater 
than  90°  ; which  prevents  all  possibility  of  a fall. 

When  the  flexion  exceeds  90°,  as 
i!  when  the  wearer  sits  down,  for 

I \ 

Ij  «)  . example,  tlie  tractor  ceases  to  act. 

1 ^ jj  Tliis  result,  it  is  plain,  dejiends  on 

I \ i the  })osition  of  Ihe  pivot  of  the  check- 

/ \ K y j piece,  and  may  be  calculated  exactly. 

^ whole  appliance,  for  an  ampu- 

\ plJ  Unee  tatioii  of  the  thigh,  weighs  lbs., 
\ and  allows  of  a very  comfortable 

/r~~/ ^ gait. 

I / ^ Nevertheless,  in  the  case  of  ampu- 

^ t tations  of  the  thigh  the  orthopaedists 

/ should  aim  at  the  construction  of 

\f  ^ ff  artificial  legs  weighing  not  more 

' I /'  than  2 kilogrammes  (4  lb.  7 oz.). 

The  uses  of  nmUiple-phj  wood,  or 
diiraliiinin  should  make  such  a result 
possible  without  impairing  the  strength  of  the  appliance. 


-B.  Ampft.vtions  of  the  I.owek  J.eg. — Aliy 
ding  2-8  inches  in  length  is  fitted  with  an  appliance 
leg  pattern  ; the  particular  model  being  No.  1 
..  2,  or  No.  3,  according  to  the  length  of  the  stump, 
ig  intended  for  cases  of  the  so-called  libio-leirsol 
in  which  only  the  foot  is  removed  (Fig.  9(3). 
cases  a suflicienl  “ scallop  ” or  “ window  ” must 
I at  the  back  of  the  knee.  The  “ gaiter  ” or  leg- 
noulded  leather,  which  must  be  extremely  rigid  ; 
Yith  tough  chamois-leather.  The  upper  edge  is 
h’ont  ; this  serves  to  suiiport  the  weight  of  the 
the  principal  suppoii.  4'o  this  support  we  inusl 
■ssure  uniforiiily  distributed  all  over  the  stuni])  ; 
iMdf.  accordinulv.  on  Ihe  sub-condviar  tables  of 
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mct'hcUiisni  lullils  a doiilile  fiinclion  : it  limits  tlu*  forward 

jilav  of  till-  tliioli  upon  tlio  lowor  k\i<  to  an  aiii»U'  of  ; and 
it  milomalivalh]  rights  I he  lower  leg  in  ease  of  a Ilexion  greater 
than  tXi  ; which  prevents  all  ])ossil)ilit y of  a fall. 

When  the  Ilexion  exceeds  as 


I’ic.  !M. 


when  the  wearer  sits  down,  lor 
example,  the  tractor  ceases  to  act. 
This  result,  it  is  plain,  depends  on 
the  iiosition  of  the  jiivol  of  Ihe  eheek- 
[lieee,  and  may  he.  ealeulated  exactly. 

'I'lie  whole  a|)plianee.  for  an  ampu- 
tation of  the,  thigh,  weighs  (ij  Ihs., 
and  allows  of  a veiw  eomforlahle 
gait. 

Nevertheless,  in  the  ease  of  amjm- 
tations  of  the  thigh  the  orthopaedists 
should  aiir  at  the  eonstruetion  of 
artificial  legs  weighing  not  moi’c 
than  2 kilogrammes  (1  11).  7 oz.). 
The  uses  of  muUiplc-ph]  wood,  or 
duralumin  should  make  such  a result 


])ossil)le  without  impairing 


the  strength  of  the  api)lianee. 


CXXIX.  B.  Amittations  or  Tin:  Lowi.n  Li:o.  Any 


slump  exceed ing  2’(S  inches  in  length  is  litted  with  an  iippliiiiue 
of  the  libi<d  led  iiattern  ; the  particular  model  being  Xo.  1 
(I’ig.  h.')).  Xo.  2,  or  Xo.  a.  according  lo  the  length  of  the  slump, 
till'  last  being  intended  lor  cases  ot  the  so-called  libio-larsed 


amputation,  in  which  only  the  foot  is 
In  all  these,  cases  a sullicieiit  “ scallop 


removed  (I'ig.  bb). 
or  “ window  " iiinst 


be  contrived  at  the  back  ol  Ihe  knee. 


d'lie  “ gaiter  " or  leg- 


pii'ce  is  of  moulded  leather,  which  iiinsl  be  extremely  rigid  ; 
it  is  lined  with  lough  chamois-leather.  riie  upper  edge  is 
padded  in  front  ; this  serves  to  support  Ihe  weight  of  the 
body  : it  is  Ihe  priueip(d  suppoii.  To  this  support  we  must 
add  Ihe  pri'ssnre  unilornily  distributed  all  o\er  the  stump, 
it  moulds  itself,  accordingly,  on  Ihe  sub-condylar  tables  of 


the,  tibia. 


x'y  • 


It 


\ 


Fn;.  1K*».  - Til»ial  Model  Xo.  I. 
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It  is  here  lhal  a coireet  moulding  should  be  the  aim  of  the 
maker.  ’I’lie  anatomical  application  of  the  api)liance  demands 
very  careful  attention.  The  su])port  will  be  chielly  lateral, 
the  weight  bearing  on  the  outer  surface  of  the  lower  leg; 
if  it  were  on  the  inner  face  it  would  be  productive  of  ])ain. 

The  same  applies  to  Cho])art's  amj)utation,i  which  enables 
the  subject  to  stand  upon  the  stum])  ; but  the  two  bearing 
surfaces  are  so  adapted  as  to  intervene  simultaneously. 

If  the  stum})  of  the  lower  leg  is  less  than  2 <S  inches  in  length 
it  will  be  Hexed,  so  that  the  cripple  will  “walk  on  his  knee  ” 
(see  Fig.  92). 


CXXX.  C.  Doeni-KAMin  TATioNS.  In  cases  of  amputation 
of  both  the  lower  limbs  the  ap|)liances  will  be  designed  accord- 
ing to  the  foregoing  indications.  However,  subjects  who 
have  suffered  amputation  of  both  Hughs  will  be  provided 
excliisivehj  with  legs  of  the  “ ])estle”  ty])e,  with  locking  joints, 
well  and  strongly  constructed,  the  normal  length  of  the  shank 
being  reduced  by  2 to  4 inches,  according  to  the  case.  There 
must  be  no  sacrifices  for  the  sake  of  appearances  ; such  would 
be  criminal.  Thigh-stumps  which  can  be  fitted  with  artificial 
legs  with  free  joints  are  extremely  rare. 

CXXXl.  Prothesis  of  the  Upper  Limb. — This  prothesis 
is  more  dilficult  than  that  of  the  lower  limb.  For  a long  time  it 
was  neglected  ; not  long  ago  it  seemed  to  be  given  up  in  despair, 
and  the  ex])erts  in  ])articular  laughed  at  the  idea  of  making 
a one-armed  man  work.  The  early  attempts,  by  Laurent  (in 
the  fifteenth  century),  whose  name  is  recorded  by  Pare,  by 
Father  .Sebastien  in  the  eighteenth  century,  and  by  the 
Comte  de  Beaufort  in  the  nineteenth  century,  were  by  no 
means  encouraging.  Hugede,  in  1873,  had  no  better  success 
Avith  his  model  arm. 

We  therefore  a])])tied  ourselves  to  the  subject,  and  after  a 
thorough  study  of  it  we  discovered  that  it  ])resented  no  insur- 
mountable difficulty  from  the  technical  and  mechanical  point 
of  view. 

> An  amputation  which  leaves  only  the  heel  and  the  astragalus  or  ankle-bone. 


By  means  of  an  e.rperimcnlal  arm  (Fig.  97),  with  a spherical 
joint,  which  could  be  locked  at  will,  to  replace  the  wrist, 
with  a steel  rod  for  the  fore-arm,  and  a means  of  attachment  to 
the  thorax,  all  the  portions  being  ca])able  of  modification  and 
adjustable  at  will,  we  were  able  to  devise  and  construct  a true 
aiiificial  arm,  capable  of  performing  hard  manual  labour ; simple, 
strong,  and  praelicald 


Arm  being  tested,  with  various  prehensile  Attachments 
for  holding  Tools. 


On  the  other  hand,  a skilful  orthopaedist,  M.  Cauet,  under- 
took, under  our  direction,  investigations  which  enabled  us 
to  construct  a meehanic(d  arm,  eulirelg  aulomatic  in  its  control, 
which  is  suitable  for  those  following  the  “ liberal  professions.” 
These  two  models,  the  worker's  arm  and  the  mechanical 
arm,  may  be  a<lai)led  to  all  amputations  of  the  upper  limb. 
They  offer  the  advantage  that  they  are  quickly  constructed, 
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U is  horc  lluil  a corri'cl  moiildiiii'  should  l)c  Ihe  aim  of  1110 
makor.  'riio  anatomical  apiilication  of  llic  appliaiico  demands 
vorv  caroliil  altonlioii.  llio  suppoil  will  he  chielly  lateral, 
the  weii^ht  hearing  on  the  outer  siirl'ace  of  the  lower  leg; 
if  it  were  on  the  inner  face  it  would  he  productive  of  pain. 

Ihe  same  applies  to  Chopai’t's  amimtation,'  which  eiiahles 
the  snhjecl  to  stand  upon  the  stump  ; hut  the  two  lieariiig 
surfaces  are  so  adapted  as  to  intervene  simnltanconsly. 

If  the  stiini|)  of  Ihe  lower  leg  is  less  than  2-<S  inches  in  length 
it  will  he  Hexed,  so  that  the  cripple  will  ‘‘walk  on  his  knee  ” 
(see  h'ig.  t)‘2). 


('.XXX.  Dorm.i;  Ami’I  i a i ions.  In  cases  of  am[)iitalion 
of  both  the  lower  limhs  Ihe  ap|)liances  will  he  designed  accord- 
ing to  the  foregoing  indications,  llowever,  snhjects  who 
have  snlTered  amputation  of  holli  Ihif/lis  will  he  provided 
e.vcliisii’chi  with  legs  of  the  “ pestle  ' type,  with  locking  piints. 
Avell  and  strongly  constructed,  Ihe  normal  lengih  of  the  shank 
heing  reduced  hv  2 to  I inches,  according  lo  the  case.  '1  here 
innsl  he  no  saci'ilices  for  the  sake  of  aiipearances  ; such  would 
he  criminal.  Thigh-stnmjis  which  can  he  lilted  with  ai  lilicial 
legs  with  free  joints  are  extremely  lare. 


r.XXXI.  Prothesis  of  the  Upper  Limb.  This  prolhesis 
is  more  dillicult  than  that  of  the  lower  limh.  I'or  a long  time  it 
was  neglected  ; not  long  ago  it  seemed  lo  he  given  u[)  in  despair, 
and  the  experts  in  ])articnlar  laughed  at  the  idea  of  making 
a one-armed  man  work,  fhe  early  attemi)ts,  hy  LanrenL  (in 
the  lifteenlh  century),  whose  name,  is  recorded  hy  Pare,  hy 
Father  Sehastien  in  the  eighteenth  century,  and  hy  the 
Comte  de  Hcanforl  in  the  nineteenth  century,  were  hy  no 
means  encouraging.  1 Ingede.  in  l<S7.‘k  had  no  hotter  success 
with  his  model  ann. 

We  therefore  applied  ourselves  to  the  subject,  and  alter  a 
thoroimh  slndv  of  it  we  discovei'ed  that  it  ])resented  no  insnr- 
moimlahle  (liHicully  rroiu  the  lochnical  and  medianieal  point 
of  view. 

‘ An  amputation  which  leaves  only  the  heel  and  the  astragalus  or  ankle-bone. 
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l>v  means  of  an  vxpeiimvnlal  ann  with  a spherical 

joint,  which  could  he  locked  at  will,  lo  replace  the  wrist, 
with  a steel  rod  lor  the  lore-ai’iu,  and  a means  ol  attachment  to 
the  thorax,  all  the  |)orlions  hein<»  capable  ol’  modilicalion  and 
adjustable  at  will,  we  wen*  able  lo  devise  and  construct  a hue 
ai lifieial  an)},  c<}pable  oj  perpa n}in(i  hard  ntaniatl  lahtnu':  simple, 
sirnmp  and  pra(iir(}ld 


hciiur  t(‘sted,  with  various  prehensile  AttaehmerU 
tor  holding  Tools. 


On  the  other  hand,  a skilful  orlhoi)acdist,  M.  Canct,  under- 
took. under  onr  direction,  investigations  which  enabled  ns 
to  construct  a iiurliaiiical  arm,  enliirln  aulomalic  in  ils  conlrol, 
which  is  suitable  for  those  following  the  “ liberal  professions.” 
These  two  models,  the  worker's  aim  and  the  mechanical 
arm,  mav  lu‘  adapted  to  all  amputations  ol  the  njiper  limh. 
They  olTer  the  advantage  that  they  are  cpiickly  constructed, 
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according  lo  a type  whicli  is,  so  lo  speak,  standardised,  so 
that  these  models  can  l)e  re])eated  witli  slight  variations.' 


CXXXll.  A.  Amittatiox  oi'  thk  la>i>i:H  Ah.m. — (a) 
Worker  s Ann  {Amur),  'i'he  model  known  as  Anuir's  worker's 
win  {bras  de  Irmxiil  Amar)  is  adaptable  lo  all  amputations 
leaving  a stump  more  than  two  inches  in  length,  measuring 
from  the  line  of  the.  armpit.  It  comj)rises  : the  attachment  ; 
the  brachial  sheath  ; the  metallic  fore-arm  ; universal  holder  ; 
universal  ring  ; hook  ; and  parade  or  “ show  ” hand. 

The  allaehmenl  consists  of  a scaj)ular  portion  and  a thoracic 
l)ortion  (Fig.  98). 

I'he  sc<i})ular  poiiion  consists  of  a phupie  of  leather,  moulded 
lo  shape,  and  lined  with  line  lough  lambskin  or  chamois  leather. 


It  shoukl  descend  as  far  as  the  horizontal  line  drawn  through 
the  armpit,  and  should  cover  the  shoulder  for  a width  of 
8-6  lo  4 inches,  coming  into  contact  with  the  acromial  arch 
without  overlapping  it.  The  thoraeic  i)orlion  is  intended  to 
hold  the  former  lii'inly  in  position.  It  is  a giidle  of  leather, 
of  flexible  calf-skin,  or  of  inelastic  fabric.  Hi  inches  in  width  ; 
it  is  tixed  at  its  two  extremities,  liv  means  of  tubular  rivets, 
lo  the  shoulder-iiiece.  It  encircles  the  thorax,  passing 
under  the.  opposite  armpit,  where  it  is  covered  with  a moveable 
sleeve  of  lambskin  or  chamois,  padded,  and  eight  inches  in 
length.  In  its  dorsal  portion  the  girdle  contains  a segment  of 
strong  elastic  welibing,  2-1  inches  in  length.  In  front  it  is 
fastened  bv  means  of  a nickel-plated  buckle  (preferably  without 
a tongue). 

'I'he  brachial  sheath  is  of  moulded  leather,  as  rigid  as  possible, 
and  lined  with  soft  leather;  it  is  split  down  the  front,  the 


edges  revealing  a wide  strip  or  tongue  of  thin  Ilexible  calfskin. 
The  closing  is  assured  by  sewn  and  riveted  straps  and  small 
buckles.  It  j)ossesses  a metallic  reiid’orcement  consisting  ol  a 
dome  of  steel  inches  in  thickness,  which  is  jirolonged  by 
two  standards,  situated  on  the  outer  and  the  inner  side 
respectively,  the  whole  being  forged  in  one  piece.  the 
standards  are  riveted  lirmly  to  the  leather  (with  copper  rivets). 


^ Jules  Amar,  C.  R.  Acad,  Sr., 
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The  ;u-lieulalion  of  the.  sheath  at  the  shoulder  consists  of 
three  straps  or  lugs,  fastened  by  tubular  rivets  ; an  acromial 
strap  ol  Ilexible  leather,  which  supports  the  whole  a])paratus  ; 
a dorsal  strap,  longer,  and  of  strong  elastic  webl)ing,  giving 
an  elongation  of  HI  inches  ; and  an  anterior  strap  of  Ilexible 
leather,  oi'  even  of  elastic  webbing. 

The  total  length  of  the  bi'achial  ai)pliance  will  be  less  than 
that  of  the  sound  arm,  to  ])eimit  of  the  att;tchment  of  a piece 
of  steel  jointed  to  the  fore-arm  ; unless  a disaiiiculatioii  of  the 
elbow  is  in  question. 

CXXXIIl. — The  mclallic  fore-ann  consists  of  a rod  of  steel 
weighing  about  b.t  ounces  : its  form  guarantees  great  strength 
with  a small  mass. 

It  is  provided  with  a socket  joint  cut  in  a cylindrical  piece 
of  steel  which  screws  into  the  lapped  hole  in  the  dome,  this 
joint  is  controlled  by  a small  lever  on  the  outer  side  of  the  arm. 
A lock-nut  makes  it  possible  to  place  the  stem  in  any  plane, 
while  the  joint  of  the  elbow  allows  of  angles  of  Ilexion  vaiying 
from  180°  to  15°.  The  free  extremity  of  the  fore-arm  is  bored 
and  tapped  with  a thread  of  the  jiitch  already  mentioned,  in 
order  that  it  may  receive  the  following  appliances ; the  univeisal 
holder,  the  iininersal  ring,  the  hook,  and  the  parade  hand. 

The.  holder  is  of  bronze  or  forged  steel  ; it  is  shaped  like  a 
lobster’s  claw.  Its  characteristics  are  ; a ball-and-socket 
joint,  enabling  it  to  be  turned  in  all  directions,  and  fixed  in 
any  given  position  by  means  of  a small  locking-screw  and  lever  ; 
and  an  eccenlric,  to  ensure  the  lirm  closing  of  the  jaws,  which 
o})cn  by  means  of  an  aiiloinalic  control,  actuated  by  a small  lever 
which  is  afterwards  pressed  downwards  (see  Fig.  98).  The 
tips  of  the  jaws  make  it  possible  to  seize  a tool  or  any  other 
object  ; tools  titled  with  a handle  are  thrust  into  a special 
funnel-shaped  holder,  where,  they  remain  lirmly  fixed. 

The  nnwersed  /(oWer  suflices  the  worker  for  the  great  majority 
of  purposes  ; but  the  iiniuersal  ring  may  also  be  used  (see  A, 
Fig.  99).  This  comprises  a steel  head,  part  of  which  forms  a 
screw  (international  pitch)  ; it  is  drilled  in  two  directions,  the 
axis  of  the  holes  being  at  right  angles,  so  that  one.  hole  opens 


t 


Hook 


Locking 

Screen 
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into  the  other.  In  one.  of  these  holes  is  ])laced  the.  shank  of  the 
ring,  which  is  fixed  by  means  of  a locking-screw  with  lever 
handle  workiiig  in  the  other  hole,  d’his  shank  is  shaped  with 
a grooved  neck,  so  that  it  may  be  turned  freelv  without  tailing 
out.  The  hook,  B,  is  sunicienlly  explained  by  tbe  figure  ; 
it  is  fitted  into  the  same  head  as  the.  ring.  Grip,  ring,  and 
hook  are  nickel-plated. 

Finally,  the  “ parade  hand  ” is  made  of  wood  (lime) ; it  is 
well  shaped,  resembling  the  sound  hand  as  closely  as  possible  ; 
the  lingers  are  half-flexed  and  ^ 

rigid  ; they  are  split  along  their  W 

length  from  front  to  back,  and  T^oa^  ^ rH 

a thin  slip  of  wood  with  the  „ y / j / 

fibres  running  longitudinally  is  \l\(  ^ J Hook 

inserted,  in  order  to  increase  J(  [ f /f 

their  strength.  The,  thumb  is  1 i ^ // 

jointed,  and  opposed  to  the  ^Scre^i\ 

index  and  middle  fingers.  The 

tips  of  the  thumb  and  the  Jf 

first  two  lingers  are  counter-  "^  \\\  . i^^damp 
sunk  and  provided  with  rubber  Ij 

pads.  In  the  centre,  of  the 

wrist  is  fixed  a threaded  shank.  Universal  Ring, 

the  pitch  of  the  thread  being  j.-,,;.  ()(). 

as  before  mentioned,  so  that  it 

may  be  affixed  to  the  fore-arm.  By  means  of  a nickel-plated 
band,  which  is  screwed  on,  the  low'er  portion  of  a rigid  leather 
sheath  is  attached  to  the  wrist.  This  envelopes  the  fore-arm  as 
far  as  the  elbow,  where  the  edge  is  hollowed  out  to  permit  of 
access  to  the  locking-nut.  A small  opening  at  the.  base  of 
the  sheath  gives  access  to  the  locking-screw  at  the  extremity 
of  the  fore-arm. 

All  the  threaded  portions  should  be  made  wdtli  an  easy 
entry,  corresponding  to  three  threads,  in  order  to  obviate 
fumbling  and  economise  the  wearer’s  time. 

CXXXIV. — (b)  Ainpntations  aery  near  the  Shoulder,  and 
Disarticulation  of  the  Shoulder. — If  the  stump  to  be  fitted  is 
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Universal  Ring. 


Fig.  99. 
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less  than  two  inches  in  length,  measuring  from  the  line  of  the 
armpit,  or  if  the  upper  arm  has  been  disarticulated,  the  ])roce- 
dure  will  be  as  follows  : 

In  the  lirst  case,  the  model  should  be  the  parade  arm,  Xo.  1. 
With  tliis  it  is  still  jjossible  to  utdise,  though  only  to  a very 
slight  extent,  the  small  moveable  stump  of  the  arm,  and  the 
muscular  power  of  the  shoulder. 


Moulded 

'leather 


louldci 

'eathci 


hekinq 
or  drill 


"Moulded 
J either 


‘Moulded 
I eat  her 


Fig.  lOU.— Waistcoats  for  Amputations,  leaving  a short  Stunt])  or  none 
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The  waistcoat  may,  according  to  circumstances,  assume 
different  forms.  Half  may  be  made  of  leather  moulded  to 
the  thorax  and  the  shoulder  involved  ; it  should  be  lined  with 
lambskin  or  chamois.  Xumerous  ventilation  holes  are  pierced 
through  the  leather  ; and  a metallic  reiid'orcement,  formed  of 
a strip  of  steel  two-thirds  of  an  inch  in  width,  should  be  adixed 
to  the  edge,  on  the  outside.  The  other  half  of  the  waistcoat 
mav  be  of  verv  strong  ticking,  with  padding  under  the  armpit 
(B). 

A last  tyj)e  of  arrangement  may  be  left  to  the  choice  of  the 
patient.  It  consists  in  joining  the  semi-corset  of  ])erforated 
leather  to  a wide  counter-support  of  padded  leather  placed 
under  the  opposite  armpit.  The  two  portions  are  connected 
by  straps  arranged  as  in  C,  riveted  at  their  extremities,  and 
containing  an  elastic  insertion  (c,  e).  This  arrangement  is,  in 
my  opinion,  the  best. 

The  brachial  sheath  is  entirely  clo.sed  ; it  reaches  the  crest 
of  the  acromion  on  the  one  side,  and  the  armj)it  on  the  other, 
and  is  held  in  this  position  by  the  three  links  already  described 
as  supporting  the  worker’s  arm.  But  these  will  be  short, 
in  order  that  they  may  not  allow  the  appliance  too  much  play. 
Lastly,  the  shank  of  the  fore-arm  will  be  of  reduced  dimensions, 
except  as  regards  its  length.  The  attachment  will  be  modified 
if  the  shoulder  is  anchylosed  ; it  will  form  part  of  the  brachial 
sheath,  but  will  be  perfectly  moulded,  covering  the  middle 
part  of  the  clavicle  and  the  spine  of  the  scapula,  and  will  be 
cut  away  at  the  armpit. 

In  the  second  case,  when  the  shoulder  is  disarticulated,  the 
type  of  arm  lifted  will  l)e  parade  arm  Xo.  2,  whose  character- 
istic feature  is  that  the  waistcoat  is  replaced  by  a semi-corselet 
of  moulded  leather,  reinforced  by  strips  of  steel,  as  in  B (Fig. 
100).  The  remainder  of  the  corselet  is  made  according  to 
the  pattern  of  the  semi-corselet  of  ticking  or  the  strapped 
waistcoat.  The  leather  is  moulded  into  a cap  simulating  the 
shoulder  ; and  this  cap  must  be  very  strong,  being  reinforced 
with  steel  bands  if  need  be,  in  order  to  protect  the  stump. 
The  arm  is  attached  by  means  of  a detachable  hinge,  which  is 
closed  by  a reversible  clutch,  or  by  a key.  A large  indentation. 
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edoed  with  a ribbon  of  steel  riveted  to  tlie  leather,  enables 
the  arm  to  be  atlixed  to  the  sboulder-eap.  The  external 
standard  of  the  brachial  sheath  is  therefore  prolonged 
to  join  the  acromial  band  of  steel,  being  articulated  in  a 


Jo'm  ted 


Thumb 
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oF  the  Wrist 


m 


Universal  Pliers. 


Fig.  J01.™\Vorker\s  Ty]te  of  Fore-ann  (Amar). 
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line  with  the.  transverse  axis  of  the  shoulder-cai).  A screw 
and  nut  limit  the  oscillations  of  the  arm  to  45°  in  trout 
of  the  body  and  20°  to  the  rear ; which  is  sntlieient  for 
appearances. 

As  for  the  hinge,  it  is  situated  at  the  peak  of  the  acromion. 
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and  its  full  excursion  raises  the  arm  to  an  angle  of  90°;  it 
should  be  given  a width  of  -8  inches  to  1 inch.  The  wearer 
can  then  withdraw  the  arm  at  will,  while  his  shoulder  is  pro- 
tected against  the  jiossibility  of  shock. 

CXXXY. — B.  Amputation  of  the  Fore-arm.  -riiere  are 
two  cases  to  be  considered,  according  to  the  length  of  the 
stump. 

(a)  Cases  where  Ihe  Stump  measures  more  lhau  2-6  iuclies 
from  the  internal  Crease  of  the  Elbow. — The  nioilel  will  include 
the  worker's  tijpe  of  forearm,  in  which  the  brachial  sheath  is 
largely  cut  away  in  the  neighbourhood  of  the  elbow  (Fig.  101) : 
its  standards  will  accurately  follow  the  slight  bi-coneavity  of 
the  iijiper  arm.  At  the  extremities  of  these  standards,  and 
those  of  the  sheath  of  the.  fore-arm,  two  thongs  of  flexible 
leather,  4",  slupied  like  a figure  8,  are  fixed  by  means  of  steel 
screw-bolts  and  nuts.  4'hese  thongs  are  made  long  and  narrow, 
so  as  to  permit  of  the  fall  degree  of  pronation  and  su[)ination 
of  which  the  stump  is  capable.  An  elbow-guard  of  dogskin 
or  other  tough  material  covers  the  elbow,  and  is  sewn  to  the 
posterior  and  opposing  edges  of  the  two  sheaths,  leaving 
play  for  a flexion  of  50°.  44ie  sheath  of  the  fore-arm  is  made 
a tight  lit,  and  is  closed  for  short  stumjis  ; for  longer 
stnm])s  it  is  laced  or  buckled  on  the  anterior  face. 

Cut  away  at  the  elbow,  it  should  allow  of  the  full  degree  of 
flexion  jiossible  to  the.  stnin}). 

It  terminates  in  a dome  and  a shank  of  steel,  ])rovided  the. 
length  of  the  latter  is  not  less  than  3-2  inches,  in  M4iich  case 
the  sheath  will  be  continued  to  the  wrist.  In  a case  of  dis- 
artieulalion  of  the  wrist  the  central  core  C of  the  dome  will 
be  brazed  to  the  outside  instead  of  to  the  inside  of  the  latter. 
4'his  must  be  taken  into  account  in  making  the  parade  hand  II, 
which  must  be  hollowed  at  the  wrist  in  order  to  receive  the 
screw  attached  to  the.  dome. 

The  principle,  of  all  these  arrangements  is  to  keep  the  dome 
in  contact  with  the  stump,  in  order  that  the.  sensibility  of  the 
latter  may  be  utilised  to  obtain  an  increased  dexterity  of 
movement. 
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(’.XXXVI.  -(b)  Cases  where  Ihe  Sliimp  of  the  Fore-arm  is 
from  H)  lo  2*1  inches  in  lenfith, — Shoil  stumps  of  the  foiv-arm 
are  usually  a i>reat  ol)slaele  lo  prolliesis.  llie  following' 
arrangemeiil,  known  as  the  hner  foje-arm,  solves  the  (lihieulty. 
Tlie  standards  of  the  brachial  shealh  are  strenglliened  at  the 


Fig.  102. — I.ovci-  Fore-anu  (Amar). 


lower  emls,  and  form  a hinge  with  the  two  arms  of  llie  stirrup 
(Fig.  102,  S).  d'lie  axis  of  the  double  hinge  is  strictly  in  line 
with  the  transverse  axis  of  the  elhow-joint.  which  is  inclined 
from  without  inwards,  and  from  above  downwards,  at  an  angle 
of  about  10°.  It  is  essential  to  allow  for  this  inclination.  An 
iron  ring  R (made  of  | inch  rod  iron)  surrounds  the  stump  at 
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a distance  of  1-2  inches  from  the  crease  of  the  elbow.  It  is 
made  to  rotate  upon  one  of  its  diameters.  The  posterior  arc 
of  the  ring  is  covered  with  dogskin,  which  is  sewn  to  the  ring 
on  the  one  hand  and  the  brachial  sheath  on  the  other.  This 
must  be  of  such  dimensions  as  to  allow  the  stumj)  to  desci'ibe 
its  greatest  degree  of  Ilexion.  A strong  elastic  tractor  attached 
to  the  anterior  portion  of  the  ring  is  allixed  to  the  lirachial 
sheath  by  means  of  a forked  strap.  This  brings  the  ring 
back  to  its  first  position,  and  prevents  the  stum])  from  escaping. 

On  the  axis  of  the  elbow-joint  is  mounted  the  stirrup,  the 
arc  of  which  atTords  a maximum  of  strength  ; the  stump 
controls  it  by  means  of  the  ring,  communicating  to  it  all  the 
Ilexion  and  extension  possible.  It  is  forged  in  one  jiiece,  of 
wrought  steel,  being  at  least  half  an  inch  wide  and  one- 
tenth  of  an  inch  thick.  The  articulations  permit  of  a Ilexion 
of  75°,  being  countersunk  hinges  mounted  with  bolts  and  nuts. 

In  the  centre  of  the  arc  of  the  stirrup  is  a brazed  attachment, 
bored  and  tapped  with  a thread  of  international  ])itch,  to 
receive  the  shank  of  the  fore-arm  S,  which  is  only  4 inches  in 
length,  and  in  thickness  is  equal  to  that  of  the  parade  arm. 

All  the  models  which  have  been  described  are  perfectly 
practical  and  of  proved  strength.  They  are  so  well  adapted 
to  i)rofessional  needs  that  during  two  years’  ex])erience  of  their 
use  no  modilication  has  appeared  desirable. 

CXXXVII.  Various  Appliances. — Before  examining  the 
Canet  type  of  mechanical  arm,  which  is  intendeil  more  ])arti- 
cularlv  for  the  “ liberal  ” professions,  we  must  mention  certain 
a])pliances  which  seem  lo  otTer  certain  advantages  to  the  work- 
ing-man. 

In  France  inventors  have  been  inspired  by  the  type  fitted 
with  the  unwersal  holder  or  p/fcr.s.  A model  has  been  recom- 
mended which  is  equipped  with  a universal  joint,  which  is 
certainlv  extremely  mobile,  but  is  unsuitable  for  the  exertion 
of  any  great  elTorl.  It  does  not  present  any  real  im])rovement 
over  the  simple  universal  ring,  the  grooved  throat  of  which 
'uves  iusl  the  mobilitv  desired  in  appliances  recpiired  for 
jnirposes  of  manual  labour,  and  also  for  the  exertion  of  force. 
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The  })licrs  ivilh  univnsal  joint  is  a s|)eeialiso(l  ori>an  ; now  it  is 
1)V  no  means  Ihe  object  of  ])rolliesis  lo  prodnee  sneh.  on 
tlie  contrary,  to  reduce  llie  nnnd)cr  of  s/nr/n/ \vorkin«  a])pliances 
to  a ininiinnin. 

Manv  other  inventors  have  fallen  into  this  error,  who, 
after  considering  this  or  that  professional  operalion,  have  set 
tlieinselves  to  devise — and  not  wdhout  success — a series  of 
adecpiate  instrwncnls.  The  same  cripj)le  would  be  obliged, 
under  these  conditions,  to  mount  upon  his  artilicial  lind)  now 
a tile-holder,  now  a chisel-holder,  etc.  ; involving  a waste  of 
lime,  and  implying  a faulty  adaptation  of  the  stump  : incon- 
veniences which  it  is  important  to  avoid  in  the  case  of  wounded 
men  seeking  employment. 

It  is  moreover  recognised  tliat  although  the  execution  of 
certain  movements  is  correct  when  one  of  tlie  specialised 
attachments  is  employed,  others  are  distorted,  owing  to  a 
lack  of  svnergy  arising  from  tliis  \ ery  specialisation. 

Xor  must  we  seek  to  transform  the  arliiicial  arm  into  an 
agent  of  support,  thereby  complicating  its  function.  The 
example  of  the  magnetic  hand  is.  in  this  connection,  one  ot  the 
most  enlightening.  The  magnetic  hamb  consists  ot  an  actual 
electro-magnet,  tlie  form  of  which  varies  according  lo  the  tool 
to  be  held  (pincers,  pliers,  chisel,  Ide).  In  the  case  of  the  file 
the  electro-magnet  assumes  the  aspect  of  a pot,  allached  by 
a sleeve  lo  the  fore-arm,  a ball-and-socket  joint  being  inter- 
posed (Fig.  103).  The  coils  receive  the  current  from  a portable 
electric  battery,  or  the  factory  circuit  ; contact  is  made  or 
broken  bv  the  other  hand  or  the  loot. 

It  may  readily  be  imagined  that  such  an  arrangemenl  is 
cumbersome,  despite  its  appearance  of  Ilexibilily  ; we  must 
also  lake  into  account  the  magnetic  inertia  of  the  appliance, 
the  fumbling  to  get  the  magnet  in  Ihe  right  position,  the  neces- 
sity of  providing  every  tool  with  an  iron  armature,  ami  the 
dilliculty  experienced  by  the.  wearer  in  co-ordinating  his 
movements  with  the  making  and  breaking  ol  Ibe  current. 
We  may  also  mention  that  the  cost  of  the  current  consumed 
must  be  a considerable  exjiense.  lo  the  manutaclurer. 

^ The  Elrtrirtd  Rerietr,  14  January.  1 9 HI. 
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In  Germany,  it  would  seem,  the  tendency  is  toward  a sinpile 
and  universal  ])rolhesis.  similar  lo  that  whose  jirinciples  1 have 
been  defending,  'riie  objects  pursued  have  been  convenience 
of  woik  and  its  low  cost.  Such,  in  my  ojiinion,  is  the  true 
doctrine. 

CXXXVllI.  Mechanical  Arms. — Mechanical  arms  ai'e  in- 
tended to  realise  antonudie  movement  ; and  in  ])arlicular  to 


y 


a Hol'd  mohititg  of  the  fingers.  These  are  therefore  artienlated. 
We  have  an  examjile  of  such  articulation  in  the  jointed  thumb 
of  the  parade  hand,  which  is  sometimes  controlled  by  a cord 
actuated  liy  the  shoulder  of  the  ojiposite  side.  The  best 
models  of  mechanical  arms  are  those  of  the  Cauel  type.  I 
have  for  a long  time  lieen  seeking  lo  improve  this  tyjie  of  arm. 
To-day  it  is  certainly  the  best. 

The  essential  organ  of  these  a])pliances  is  the  hand,  which 
is  artienlated,  and  is  made  of  metal,  with  the  exception  of  the 
lips  of  the  tingers,  which  are  covei'ed  with  cork,  rubber,  or 
felt,  in  order  lo  lessen  shocks  and  inqirove  their  holding  ])ower. 
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IP  artipulalions  is  assiu'cd  by  il 

breast-band  which  eiicirdcs  llie  thorax,  or  ol  b 
he  shoulders  ; these  inovenienls  are  trausii 
1 01'  fore-arin  1)V  steel  cables  (Howden  wires) 
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Fig.  1(14. — Artioulated  Haiul  (C'aiiet  Tyi;e,  Ainar 
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closed  position  by  springs  attached  to  their  l)ases.  The 'lingers 
are  controlled  by  levers  or  tendons  of  steel,  T,  which  pass 
through  a cani-plate  C.  To  this  cani-])late  the  steel  cable  is 


105. — Mechanical  Ann  for  an  Ain})iitation  of  the  Fore-arm. 


attached  ; it  works  in  a sheath,  and  is  attached  to  the  breast- 
hand  (Fig.  105). 

(b)  This  latter  is  of  leather,  lightly  made,  and  containing 
an  elastic  portion,  consisting  of  springs  which  keep  it  lying 
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snugly  on  the  cliesl.  To  the  Uvo  ends  of  the  breasl-band  are 
lixed'lhe  cable  and  the.  sheath  ve.spectively.  Whenever  the 
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Kk:.  Mechanical  Ann  for  Anijtutations  of  the  ii|»]ier  Ann. 

eliest  increases  its  girth  by  an  ebort  of  ins])iration,  or  l)y  llie 
action  of  the  muscles  expanding  the  ril)s,  Ihe  cable  actuates 
the  cam-plate,  and  the  lingers  giaduallil  o])em  There  are  no 
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sudden  movements.  Or  the  fingers  may  in  the  first  place  be 
in  extension,  so  that  the  cam-plate  acts  with  contrary  elTect. 
(c)  ^'arious  modifications  of  the  greatest  simjilicity  make  it 
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Fig,  1U7. — Mechanical  Arm  for  Cases  of  Disarticulation  of  the  Shoulder. 


possible  to  adajit  the  articulated  hand  not  only  to  subjects 
who  have,  suffered  amputation  of  the  fore-arm,  but  also  to 
those  whose  upper  arm  has  been  amputated,  or  even  dis- 
articulated. In  these  two  latter  cases  a control  for  the  vlhuw 


Fig.  108. — Crippled  Typist  \i<ing  mechanical  Ann. 


to  their  iiiechanii’al  ({ualilies,  which  remain  the  most  im])ortant. 
For  tlie  rest,  the  mechanical  arm  may  be  combined  with  tlie 
worker’s  arm,  in  the  sense  that  tlie  articulated  hand  may  be 
mounted  on  the  latter  arm  ; we  shall  then  obtain  automatism 
of  movement,  and  also  the  great  strength  of  the  workers  arm 
(see  Figs.  105  to  107  and  further  on). 


CXXXIX.  Employment  and  Qualities. — These  mechani- 
cal arms  may  be  emjiloyed  liy  all  jiersons  who  follow  a business 
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is  added  : this  control  is  actuated  by  the  shoulders  (by  means 
of  steel  braces)  and  transmitted  to  the  fore-arm  by  a second 
steel  cable,  'bhe  organs  which  re])lace  a jiortion  of  the  fore-ann, 
or  the.  uiiper  arm,  or  the  whole  limb,  are  made  of  sheet  steel, 
covered  with  leathei'.  oi’  of  leather  only  ; they  correspond  to 
the  indications  of  anatomy  and  ])hysiology  without  prejudice 
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or  sedentary  profession,  without  fatigue  and  without  etfort 
on  their  part.  They  fullil  one  most  imi)ortant  recpnrenient ; 
they  make  it  ])ossible  foi’  those  who  have  sulTered  disarticula- 
tion of  the  arm,  or  the  am])utation  of  both  arms,  to  lake  ludd 
of  objects,  and  to  iierform  the  little  actions  of  everyday  life. 
For  the  artilicial  hand,  with  its  shell,  its  cam-plate,  its  tendons, 
and  its  articulated  lingers,  cai)able  of  the  most  gradual  move- 
ment, weighs  in  all  only  some  eleven  ounces  ; connected, 
by  steel  attachments,  to  a fore-arm,  it  weighs  in  all  about  one 


Fi^.  — CVipplcd  Violinist  funiishod  with  a mechanical  Ann. 

and  a half  pounds  ; while  the  whole  arm  never  exceeds  two 
])ounds  seven  ounces.  Yet  it  enables  the  wearer  to  lift  a 
weight  of  fifteen  to  eighteen  ])ounds  between  his  Hexed  lingers 
and  the  opposing  thumb  ; to  ])ick  up  with  the  linger-ti])s  a 
pen,  a pin,  or  a match  ; to  button  his  clothes  ; to  lake  out 
his  handkerchief ; to  write  ; to  turn  oA'er  the  leaves  of  a 
book.  The  hand  opens  by  about  inches  when  the  lingeis 
are  completelv  extended,  by  the  etfort  of  an  ins])iration  or  an 
expansion  of  the  ribs  which  is  not  in  any  way  ])ainful  or 
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is  added  : lids  coiili-ol  is  aelualod  l>y  Ihe  shoulders  (by  means 
ul’  steel  hraees)  and  Iransinilled  In  Ihe  lore-arin  l)y  a seeoml 
steel  eahle.  'The  nri>ans  whiehreplaee  a portion  ol'  the  loi’e-ann. 
or  the  upper  arm.  or  the  Avhole  lind).  are  made  of  sheet  steel, 
eoveri’d  with  leather,  or  of  lealhei'  only;  they  corres|)ond  to 
Ihe  indiealions  of  anatomy  and  physiology  without  prejudice 


\'ui.  Ids. — Crippled  Typist  iisin^^  mechanical  Arm. 


to  their  ineehanieiil  (|iuililies,  Avliieh  remain  the  most  imi)(>rlant. 
For  the  rest,  the  meelianieal  arm  may  he  eombiaed  with  the 
worker’s  arm,  in  the  sense  that  the  articulated  hand  may  he 
mounted  on  the  latter  ai*m  ; we  shall  then  ol)tain  automatism 
of  movement,  and  also  the  i^reat  strength  ol  the  woi*ker  s arm 
(see  I’igs.  1U5  to  1H7  and  further  on). 

CXXXIX.  Employment  and  Qualities.- -These  mechani- 
cal arms  mav  l)e  em|)loyed  hy  all  persons  who  follow  a hiisiness 


I nr;  \ i ion  or*  w \n-cH!iMMj:s 


or  sedentarv  |)rofession.  willioui  ratii>ue  and  williout  elTort 
on  llieir  i)ai’t.  I'hey  rullil  one  most  important  retpiiirmenl  ; 
they  make  it  i)ossihle  I’oi'  those  who  hiW'v  sulfered  disai'ticula- 
tion  (>r  the  ai'm,  or  the  amputation  of  l)otli  arms,  to  lake  h(dd 
(>r  objects,  and  to  pei'rorm  Ihe  little  actions  ol  everyday  lile. 
Im)!'  the  artificial  hand,  with  its  sliell.  its  cam-])late,  its  tendons, 
and  its  articulateil  lingers,  capalile  ol’  the  most  i^radual  move- 
ment, weii>iis  in  all  onlv  some  eleven  ounces;  connected, 
l)y  sli‘(‘l  attachments,  to  a foie-aian,  it  weii^hs  in  all  al)ouL  one 


Kiir.  Id!».  Ciipplcil  Violihi'^t  turnishcil  with  a ineclianical  Arm. 

uud  a half  pounds;  while  the  whole  arm  never  exceeds  two 
])ouiids  seven  ounces.  Yet  it  enables  the  wearer  to  lilt  a 
wei£>iit  of  lifleen  to  eighteen  i)ounds  l)elween  his  Hexed  liiiocrs 
and  Lhe.  o])posino  thumb  ; to  pick  up  with  the  liiioor-lips  a 
l)cn.  a pin,  or  a match;  to  button  his  clothes;  to  lake  out 
Ids  handkerchief;  to  write;  to  turn  over  the  leaves  of  a 
book.  'I'lie  hand  opens  by  alumt  3\*  inches  when  the  lingeis 
are  com])lelely  extended,  by  Ihe.  elTort  of  an  inspiration  or  an 
expansion  of  tin*,  ribs  which  is  not  in  any  way  painlul  or 
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arms  whidi  have  enabled  them  to  mount  a horse,  to  hold  the 
reins  lirmly,  to  hold  the  scabbard  of  the  sword,  and,  more 
often  than  not,  to  return  to  the  army  at  the  front  (Figs.  110 
and  111). 

If  it  sometimes  lia])])ens  that  a detail  of  construction  seems 
of  a nature  to  favour  the  movements  or  the  exertions  of  the 


laborious.  I luive  even  found  that  the  exercise  ot  this  move- 
ment develops  tlie  chest.  However,  in  the  case  of  those 
whose,  ujiper  arm  has  been  am|  utated  the  hand  must  be 
controlled  by  the  opposite  shoulder. 

The  training  reipiired  by  the  ustr  of  tlie  mechanical  arm  is 
verv  brief  ; in  forty-eigld  hours  the  wearer  is  able  to  employ 
it  to  nerfectioii.  And  he  mav.  bv  following  the  rules  alreadv 


irovicled  with  a mecjianieal  Arm  (Amputation 
upper  Ann). 


Fiu.  ill. — The  same  Ofticer  on  Hoisebaci- 


cripple,  it  is  in  no  case  ditlicult  to  work  it  out  and  ap])ly  it. 
'Hie  mechanical  arm,  like  the  worker's  arm,  is  adapted  strictly 
and  wholly  to  the  professions  for  the  exercise  of  which  it  has 
been  designed.  Theory  and  practice  agree  on  this  point  : 
it  is  impossible  that  it  should  not  be  recognised. 

CXL.  Other  Models  of  Articulated  Arms — The  prothetic 
laboratory  has  nevertheless  tested  and  investigated  other 
types  of  the  artificial  arm.  In  the  short  space  which  I have 


rill,  l*^^■SI01.0(,^■  oi'  !M)l  STHIAI.  ni;< 


laborious.  1 luivouvun  round  llial  lliu  uxiMcisu  of  this  inoV(»- 
monl  (U'volops  llic  cluvsl.  I lowcvi'r,  in  llu-  ciisc  of  Uiose 
Avlioso  upper  ;inu  has  been  aiii|»iitaU‘(l  llio  hand  iiiiisl  be. 
et)nlrolled  1)V  Ihe  opposite  shouhier. 

rite  Irainiiiij;'  recpui’ed  by  the  user  ol  the  ineeliaiiieal  arm  is 
verv  l)iiel' ; in  forly-eiojd  hours  the  weai’ei'  is  a!)le  to  employ 
it  to  nei-leetion.  And  he  mav.  1)V  following  tlie  rules  alreadv 


jirovj(ic«l  with  a iiu*chanifal  Aiiii  (Amputation  nf  tlu 
iij»])cr  Ann). 


uiveii  111  ivspecl  ol  llie  scnsorii  cannuion  oi  me  siuiu|)s.  iraiii 
himself  to  Graduate  the  elTorts  exerted  by  the  metallic  lingers, 
to  aecpiire  an  indirect  sense  of  touch.  In  this  way  we  have 
known  the  wearers  of  such  arms  to  operate,  with  sudieienl 
dexteritv.  the  kevs  of  a tv])ewriter  or  ealeulating  machine 
(b'ig.  10<S)  or  the  keys  of  a piano,  and  I'ven  the  bow  of  a violin 
(Fig.  1(19). 

.Many  ollieers  who  have  sulTered  am])utation  of  the  uppi-r 
arm  verv  near  the  shoulder  have  been  lilted  with  mechanical 
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arms  which  have  enabled  them  to  mount  a hor.se.  to  hold  the 

reins  lirinlv.  to  hold  the  scabbaril  of  the  swoixl,  and,  more 
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often  than  not.  to  return  to  the  army  at  the  front  (logs.  110 
and  111). 

If  it  sometimes  ha|)pens  that  a detail  of  construction  .seems 
of  a nature  to  favour  the  movements  or  the  exertions  of  the 
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reserved  for  prothesis  in  this  po])iilar  work  on  the  subject 
I should  hnd  it  diflicult  to  describe  them  all  ; for  which  reason 
I have  called  the  reader’s  attention  to  those  whose  merit 
has  to  me  appeared  incontestable  ; whether  from  the  tests 
made  in  the  laboratory  or  from  practical  demonstrations 
before  competent  observers. 

However,  I will  mention  an  American  model,  the  carcase 
of  which  is  of  wood,  and  in  which  the  mechanism  is  intended 
more  particularly  to  exert  efforts  of  traction.  The  appliance 
is  heax’y  ; it  is  possible  to  lift  objects  only  when  the  hand  is  in 
a horizontal  plane  ; it  does  not  grip  with  siilhcient  force,  and 
its  price  is  high. 

Other  models  are  of  use  only  to  those  who  have  suffered  . 
amputation  of  the  fore-arm,  as  they  are  controlled  by  the 
Ilexion  of  the  elbow.  With  these  it  is  impossible  to  take  hold 
of  anything  if  tlie  arm  is  extended  ; or  if  the  lever  placed  in  the 
elbow  acts  upon  extending  the  arm  the  contrary  case  obtains. 

It  must  also  be  said  that  the  majority  of  these  types  are. 
made  of  wood,  and  are  therefore  fragile.  To  obtain  the 
automatic  action  of  the  fingers  is  not  everything  if  the  force 
necessary  for  the  performance  of  the  actions  in  which  the 
intervention  of  the  fingers  is  indispensable  is  not  available. 

I have  purposely  refrained  from  discussing  appliances  in 
which  this  essential  point  has  been  overlooked  ; as  those, 
for  example,  in  which  the  hand  is  opened  by  the  rotation  of  a 
wooden  disc  which  forms  a secoii'l  jialm,  a rotation  ellected 
by  the  pneumatic  distension  of  a small  rubber  bulb.  Here 
we  have  a total  absence  of  natural  appearance,  of  graduated 
control,  of  strength,  and,  I should  be  inclined  to  say,  of  any 
possibility  of  utilisation. 

CXLI.  Functional  Prothesis. — The  name  of  fiinclional 
prothesis  has  been  ajiplied  to  the  technical  method  which 
assists  or  replaces  the  performances  of  a muscular  function 
in  anv  case  of  infirmitv.  The  term  physiological  oiihopaedij 
would  be  more  correct. 

In  this  species  of  prothesis  two  different  purposes  ai'e 
possible  : either  we  have  to  protect  the  seat  of  the  wound,  and 
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support  a limb  which  is  delinitely  powerless,  or  the  neuro- 
muscular condition  is  capable  of  improvement  by  the  restoration 
of  the  function,  favoured  by  a mechanical  appliance,  which 
has  to  be  devised  for  this  purpose. 

A static  operation  in  the  first  case.  ; a dynamic  operation 
in  the  second  case  ; such  are  the  modalities  of  functional 


Ficj.  112. — Splint  for  radial  Paralysis. 


prothesis.  It  is,  Iherefore,  diverse  in  its  methods;  its  appli- 
cations are  numerous,  because  the  wounds  in  (piestion  are  not 
all  alike  ; different  lesions  produce  very  different  effects;  and, 
in  short,  every  ]irol)leni  in  this  province  of  science  is  always 
a question  of  a particular  case.  ^Mechanics  and  physiology-  are 
here  absolutely  sovereign.  'Hiey  complete  one  another  ; and 
we  mav  add  that  one  would  be  of  little  use  without  the  other. 
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i-esorved  for  prothesis  in  this  ])opular  work  on  the  subject 
I should  find  it  dinioull  lo  describe  them  all  ; for  which  reason 
I liave  called  the  reader’s  attention  to  tliose  whose  merit 
has  to  me  appeared  incontestable  ; whether  from  the  tests 
made  in  the  laboratory  or  from  j)ractical  demonstrations 
before  competent  observers. 

I towever,  1 will  mention  an  American  model,  the  carcase 
of  wliicli  is  of  wood,  and  in  whicli  the  mechanism  is  intended 
more  particularly  to  exert  elTorts  of  traction,  d'he  ap])liance 
is  heavv  ; it  is  possible  to  lift  objects  only  when  tlie  hand  is  in 
a horizontal  plane;  it  does  not  grip  witli  sutlicient  force,  and 
its  price  is  high. 

Other  models  are  of  use  only  to  those  who  have  sulTered 
amputation  of  the  fore-arm,  as  they  are  controlled  by  the 
Ilexion  of  the.  elbow.  With  these  it  is  impossible  to  take  hold 
of  anything  if  t1ie  arm  is  extended  ; or  if  the.  lever  placed  in  the 
elbow  acts  upon  extending  the  arm  the  contrary  case  obtains. 

It  must  also  be  said  lhat  the  majority  of  these  ty]>es  are 
made  of  wood,  and  are  therefore  fragile,  d'o  obtain  the 
automatic  action  of  tlie  lingers  is  not  everything  if  the  force 
necessary  for  the  ])erformance  of  the.  actions  in  which  the 
intervention  of  the.  lingers  is  indispensable  is  not  available. 

I have  purposely  refrained  from  discussing  apiiliances  in 
which  this  essential  point  has  been  overlooked  ; as  those, 
for  example,  in  which  the  hand  is  opened  by  the  rotation  of  a 
wooden  disc  which  forms  a second  jialm,  a rotation  elTectcd 
by  the  pneumatic  distension  of  a small  rubber  bulb.  Here 
we  have  a total  absence  of  natural  appearance,  of  graduated 
control,  of  strength,  and,  I should  be  inclined  to  say,  of  any 
possibility  of  utilisation. 

CXLI.  Functional  Prothesis. — The  name  of  fuiuiional 
prothesis  has  been  applied  to  the  technical  method  which 
assists  or  re{)laces  the  j)erformances  of  a muscular  function 
in  any  case  of  infirmity,  d'he  term  plnjswloqical  orllwpaedij 
would  be  more  correct. 

In  this  species  of  ])rothesis  two  dillerent  pur[)Oses  are 
possible  : either  we  have  to  protect  the  seat  of  the  wound,  and 
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support  a limb  which  is  definitely  powerless,  or  tlie  neuro- 
nwsciilar  condition  is  capable  of  improvement  by  the  restoration 
of  the  function,  favoured  by  a mechanical  appliance,  which 
has  to  be.  devised  for  this  juirpose. 

A static  operation  in  the  lirsl  case  ; a dijnamie  ojieration 
in  the  second  case. ; such  are  the  modalities  of  functional 
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prothesis.  It  is,  therefore,  diverse  in  its  methods  ; its  appli- 
cations ai'e  numerous,  because  the.  wounds  in  question  are  not 
all  alike  ; dilTerenl  lesions  produce  very  dilTei'ent  elfecls;  and, 
in  short,  every  jiroblem  in  this  province  of  science,  is  always 
a question  of  a particular  case.  .Mechanics  and  physiology  are 
here  absolutely  sovereign.  I hey  complete  one  another  : and 
we  may  add  that  one  would  be  of  little  use  wilhoul  the  other. 
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the  wrist  and  keeps  the  supporting  plate  in  place  (Fig.  112). 
This  arrangenient  is  enough  to  restore  strength  and  movement 
to  the  member  involved  : the  subject  gradually  recovers 

almost  the  whole  of  his  iirofessional  value  (Fig.  113).  Duch- 
enne,  of  Boulogne,^  gave  particular  altention  to  this  problem 


Fig.  il4* — -Impioved  Appliance  for  the  Cure  of  radial  Paralysis. 


Fig.  113. — The  same  doing  Oftice  Work 


of  the  muscular  paralysis  of  the  hand  and  lingers.  Ills  models 
of  apiiliances  for  elastic  traction  have  been  the  subject  of 
endless  imitation.  Invention,  in  devices  of  this  kind,  has 
become  all  but  impossible.  For  these  old  technical  methods  I 
will  refer  the.  reader  to  the  Arsenal  de  Cliiriirgie  contemporaine^ ; 
mentioning  the  verv  simple  and  economical  models  of  Frivat 
mid  Belot  only  as  matters  of  historical  interest. 

* De  V electrisation  localisee,  Paris,  1801,  2nd  ed. 

* Gaujot  and  Spillinann,  Vol.  L,  p.  d02,  et  seq.,  Paris,  1867. 


improve  the  motor  condition  of  the  tiand,  the  loi 
lower  leg,  the  foot.  They  are  employed  in  cases  ( 
lesions,  reseelions  of  the  elbow,  etc. 

The  choice  of  the  appliance  and  its  mode  of  ; 
should  be  ins])ired  by  simplicity,  convenience,  and 
to  the  work  to  be  performed.  Let  us,  for  instance,  ci 
case  of  the  aluminium  splint  for  radial  paralysis 
plate  of  metal  supports  the  hand,  while  the  sjilir 
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111  princi|)le  the  slulic  uppUduccs  rosenilik'  the  ordinary 
tyjK's  of  prolhelie  appliaiu-os.  made  of  leather,  and  articu- 
lated ; they  are  protective  : they  are  adapted  to  fractures  of 
the.  liiuhs,  to  cases  of  pscudarlhrosis,  to  articular  disorders, 
to  cases  of  anchylosis.  The  diinamic  applianirs  utilise  tlie 
traction  of  s])rini*s  or  elastic  hands  to  correct,  and,  at  need,  to 


I'u:,  113* — ^1'lie  satm*  doing  Work. 


improve  the.  motor  condition  of  the  hand,  the  lore-arm,  the 
lower  lei^.  the  foot.  1 hev  are  employed  in  cases  ol  poiidplic 

lesions,  reseelions  of  the  elbow,  etc. 

The  choice  of  the  a|)pliance  and  its  mode  of  application 
should  he  insiiired  by  simplicity,  conveuieiiee,  and  ndapiidinn 
to  the  wort;  to  be  performed.  Let  us,  foi-  instance,  consider  the 
case  of  the  (duminium  splint  for  radial  j>araliisis.  A small 
plate  of  metal  supports  the  hand,  white  the  .s])lint  envelops 
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the  wrist  and  keeps  the  supportiiii*  plate  in  place  (h'ig.  112). 
This  arrangement  is  enough  to  restore  strength  and  movement 
to  the  member  involved  : the  subject  gradually  recovers 

almost  the  whole  of  his  |)rofessional  value  (b'ig.  113).  Duch- 
enue,  of  Houlogne,^  gave  particular  at tention  to  this  iiroblem 


Fii;.  i J4,— lm|)iu\ (‘d  Applijiiire  foi'  tin*  ('urn  4*t'  radial  Paralysis. 

<)1‘  llio  luiiscuhir  parnlysis  oT  llu*  hand  and  lini>crs.  Ilis  models 
of  applianres  for  (‘laslic  Iraelion  have  been  the  subjetd  of 
endless  imilalion.  Invenlion,  in  devices  of  Ihis  kind,  has 
l)ecome  all  l)ul  impossil)le.  Foi'  these  old  technical  methods  I 
will  refer  the  reader  to  llie  Arscn(tl  dc  (diirurf/ie  conlemporuinv^ ; 
menlionini,^  the  very  simple  and  economical  models  of  Frivat 
-and  Uelol  only  as  matters  of  liistorical  interest. 

’ I)f  r Hlertrimtion  /or«//.veV,  I*aris,  ISdl,  2nd  fd, 

^(laujot  and  Spillrnann,  Vol.  I.,  ]».  dn2.  >^7.,  l*aris,  ISdT. 
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Ini^enuily  of  application,  however,  is  of  the  greatest  import- 
ance ; above  all  when  l)ased  upon  physiological  facts.  Fig. 
114,  in  this  connection,  represents  an  improved  model  which 
makes  use  of  the  i)rinciple  of  the  mechanical  arm.  The  wearing 
of  this  appliance  restored  the  normal  movements  of  the  hand 
and  the  wrist  in  the  space  of  ten  weeks.  Which  means  that 
by  intervening  in  good  time  one  often  succeeds  in  arresting 

nervous  degeneration  and  atrophy. 

Very  rare  are.  the  circumstances  in  which  functional  prothesis 
cannot  assist  the  wounded  man  to  readapt  himself  to  his  work  ; 
a fact  which  the  physician  and  the  orthopaedist  must  not 
forget.  It  should  be  a guide  to  their  experiments. 

France  has  done  much,  in  the  person  of  her  surgeons,  her  . 
physiologists,  and  her  mechanicians,  to  diminish  the  misfor- 
tunes of  those  who  have  been  grievously  injured  by  wounds 
received  in  battle  or  by  the  accidents  of  industrial  life.  It 
would  have  been  strange  if  in  this  country,  in  which  prothesis 
had  its  birth,  where  in  all  ages  the.  knights  who  have  had  a 
hand  blown  off  by  a bombard  have  applied,  so  to  speak,  for 
new  members  to  our  specialists — humble  locksmiths  or  metal- 
workers ; it  would  have  been  very  surprising,  I say,  had  the 
ingenuity  of  our  scientists  and  our  artisans  failed  to  manifest 
itself  with  brilliance  and  distinction  in  a domain  in  \shich  ait* 
science,  and  humanity  meet  together. 
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THE  RE-EDUCATION  OF  WAR-CRIPPLES  (contwued) 

III.— Proi-essional  Re-education 

CXLII.  General  Remarks. — Functionally  re-educated,  and 
equipped  with  the  prothetic  appliance  which  remedies  his 
infirmity,  his  mutilations  of  the  lingers,  or  his  loss  of  a limb, 
the  war-cripple  may  profitably  be  subjected  to  a professional 
re-education  properly  so-called.  I have  already  stated  (§  102) 
that  for  the  last  forty  years  the  methods  employed  in  such 
re-education  have  had  a character  of  charitable  relief  in- 
compatible with  the  sjiirit  of  industrial  enterprise  which  is 
making  its  influence  felt.  The  Scandinavian  institutions, 
in  which  crippled  children  of  both  sexes  receive  a summary 
apprenticeship,  and  work  in  private  workshops,  which  ignore 
all  the  laws  of  economics  and  the  conditions  of  production, 
constitute  models  which  should  not  be  copied  where  soldiers 
are  concerned.  For  these  latter  are  adults ; thev  usuallv 
know  a trade  ; they  are  far  from  being  abnormal  or  outcasts. 
It  would  be  absolutely  unpardonable  did  such  a confusion 
of  ideas  persist  in  the  minds  of  our  organisers.  And  it  would 
be  absolutely  contrary  to  the  reality  to  supjiose  that  these 
wounded  soldiers  are  incapable  of  being  utilised,  in  a methodical 
manner,  in  industrial  pursuits.  Finally,  in  almost  all  cases 
they  must  be  free  to  manage  their  own  affairs,  to  work  in  work- 
shop or  factory,  in  town  or  country,  unsubjected  to  the 
slightest  constraint. 

For  these  reasons  any  work  of  true  re-education  should  have 
recourse  to  a strict  technique  which  gives  the  wounded  soldier 
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a profcssiunal  oricnlalion,  which  uieasures  and  (lisci])liiics  his 
strength,  and  analyses  and  ada])ts  his  inoveinents  to  the 
prothe.tic  aj)jdiances  and  the  tools  which  he  employs  ; and, 
in  a word,  obtains  the  inaxiinuin  onlpiit  from  the  latent 
reserves  of  individual  energy. 

In  Germany  the  Munich  Institute,  attended  by  three  or 
four  hundred  young  men,  has  effected  a certain  improvement 
upon  the.  institutions  already  mentioned  ; and  this  because 
it  aims  at  a regular  a])prenticeship.  However,  the  general 
spirit  of  the  movement  is  not  very  dilTerent.  It  is  still  a 
charitable  institution  for  tlie  assistance  of  children.  Since 
tlie  beginning  of  this  war  the  Germans  and  the  Austrians 
have  endeavoured  to  establish  a form  of  organisation  better 
adapted  to  the  needs  of  the  wounded  soldier,  which  in  many 
respects  reproduces  the  form  which  I have  been  recommending 
for  llie  last  two  years. ^ Let  ns  therefore  sum  up  the  elements 
of  this  scientilic  re-education. 

CXLIII. — 1.  The  Education  and  Evaluation  of  Efforts.- — • 
In  this  connection  particularly  the  analysis  of  all  the,  physio- 
louieal  and  mechanical  factors  of  labour  becomes  of  decisive 
importance. 

From  the  physiological  point  of  \ iew  we  determine  the  condi- 
tions of  pace,  force,  and  the  daily  working  hours  which  will 
obtain  the  greatest  output  from  the  wounded  soldier,  the 
efforts  of  the  muscles  are  (jraphicallij  registered,  so  that  we 
can  appreciate  their  intensity  and  regularity,  and  their  suc- 
cession in  space  and  time. 

riiis  analvsis  allows  no  anomalv  to  escape  it,  such  as  might 

V'  ^ 

be  caused  by  some  infirmity  which  is  hardly  apparent ; or 
by  an  incorrect  prothesis,  or  by  the  incapacity  of  the  subject. 
From  this  circumstantial  examination  we  obtain  information 
of  fireai  practical  value. 

To  begin  with,  we  learn  that  if  the  slump  ol  the  upper  arm 
is  less  than  5 inches  in  length  it  will  not  permit  of  continuous 
and  regular  work  of  any  duration  unless  it  has  been  1 unction- 
ally  re-educated  to  the  desired  degree.  Otherwise  the  fatigue 
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would  be  so  great  that  the  worker  could  not  long  hold  out. 
A thigh-stump  less  than  six  inches  in  length  renders  locomotion 
diflicult  for  those  who  have  to  walk  frequently  on  account  of 
their  work.  The  factor  of  jatUjuc  is  of  the  greatest  inqiortance, 
as  it  enables  us  with  certainty  to  appreciate  the  professional 
capacities  of  wounded  and  mutilated  soldiers,  whatever  the 
orthopaedic  appliances  with  which  they  are  equipj)ed. 
Because  they  have  not  taken  this  factor  into  account  the 
amateur  re-educators  have  seen  their  schools,  if  I may  call 
them  so,  deserted  by  those  who  confidingly  rei)aired  to  them  foi' 
lessons  which  should  profit  them  in  the  future. 

Let  us  take  the  case  of  an  arm.  one  of  whose  segments  is 
powerless,  or  even  of  a jn'othetic  arm.  The  tracing  made  by 
the  tool — file,  ])lane,  or  hammer-  will  show  that  the  intensity 
of  the  efforts  is  diminished,  revealing  a certain  incapacity  to 
press,  or  thrust,  or  control  the  tool  (Fig.  115).  In  the  irregu- 
laritjj  of  the  curves  we  perceive  a he.sitating  muscular  activity  as 
yet  imperfectly  re-established,  especially  if  the  process  of  func- 
tional training  is  only  commencing.  If  this  activity,  even 
though  enfeebled,  is  not  restrained  by  an  artificial  limb,  the 
dynamographic  curves  are  all  similar,  and  the  tracings 
assume,  if  we  may  say  so,  an  individual,  personal  character, 
by  which  we  may  recognise  the  degree  of  iucapaeitij  for  work. 

By  making  an  average  or  mean  tracing,  which  is  a summary 
of  the  curves  produced  bj’  normal  workers,  skilfully  exercisin;; 
the  same  craft  ; and  by  remembering  the  fact  that  unequal 
and  dissimilar  curves  betray  simulalion,  we  shall  obtain  a 
scientific  basis  for  estimating  the  ineapacilg  to  perform  work, 
and  for  unmasking  the  malingerer.  Any  other  method  appears 
to  me  fallacious. 

I have  always  recommended  the  introduction  of  a technical 
method  possessing  this  undeniably  objective  character  in  the 
e.xpert  investigation  of  indnstried  aceidents,  and  the  determina- 
tion of  military  pensions.  It  is  inevitable  that  such  a method 
should  be  adopted. 

Any  attempt  on  the  part  of  an  infirm  subject  to  increase 
his  effort  involves  diflicullies  of  respiration,  as  is  .seen  in 
Fig.  115. 
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If  the  curves  Ri*e  /laltened  oiiL  hy  rotating  the  recording 
cvlimler  at  a quicker  rate,  we  sliall  lie  able  to  perceive  the 
details  more  plainly,  d'he  elTort  of  the  left  arm  commences 


before  that  of  the  right  arm,  even  in  cases  of  infirmity,  and  the 
latter  fulfils  a function  of  support,  particularly  if  it  is  an  arti- 
ficial arm  (F\g.  116).  The  conception  of  the  orientation  of  the 
arms  when  working  results  from  Ihis  investigation,  and  it  is 


/fecorc/  oF  Normal  IVorker 

F/hng  Metal.  Record  oF  InFirm  Worker 


4is  the  nonnal  Subject. 


iilb  Till-:  IMlVSIOI.OdV  OF  INOrS'lIUAl.  OHOAMSATION 


precisely  of  this  iin'esligalion  Uiat  ;he  atlaplalion  of  ])rollu‘sis 
to  ])rofessioiial  education  consists.  The  healtliy  linil)  should 


regards  the  (leveloi)iuent  of  the  inaxinuim 
In  such  cases  there  is  not  and  cannot  be  a 


as  a rule  (juide  and  conlrol  the  tool,  tlie  artiticial  or  inlirni 
ineinber  serving  only  as  suppoii  (l  ig.  llha). 

In  cases  in  which  the.  upper  arm  is  anij)utated  (Fig.  117), 
Avc  may  deduce  from  the  reconis  the  advantages  of  this  or 


sijmmelrical  action  of  the  arms;  and  the  inecjuality  which 
necessarily  results  diminishes  the  output  of  work. 

In  reducing  this  depreciation  to  a minimum,  it  is  by  no 
means  a matter  of  indilTerence  whetlier  the  prothetic  member 


IIS  a ruk'  (/iiiflc  and  cniUrol  llu‘  lool,  the  arlilicial  or  iiilimi 
ineiiihc'r  sorvintj  only  as  siipporl  (M,o.  IKia). 

Ill  eases  in  wliieli  llie  upper  arm  is  amjialaled  (I'io.  117), 
■\ve  may  deduce  from  the  I'eeords  the  ailvaiilay'es  of  this  or 


i iii;  I'in  sioi.i m;>’  or  imh  si  m.\i.  oiioams  \ i ion 

precisely  of  lids  inveslioalion  llial  he  adaplalion  of  jirollusis 
lo  professional  i‘dncalion  consisls.  I'lie  heallhy  liiiih  should 
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acts  upon  the  handle  or  the  extremity  of  tlie  tool  ; whether 
it  exerts  the  motive  force,  or  is  the  directing  organ  ; whether 
the  articulation  of  the  elbow  is  no  longer  free  ; or,  if  the  articu- 
lation is  anclujlosed,  whether  it  is  fixed  at  this  angle  rather 
than  that  ; or,  lastly,  whether  the  slump  transmits  its  elTort 
to  a long  or  a short  lever  (Fig.  1 18).  Prothesis  must  therefore 
collaborate  in  the  process  of  re-education,  and  must  be  inti- 
mately connected  with  professional  tochnifpie.  Xo  considera- 


Fic.  Fonniiiga  Left-handed  Worker  witli  the  felt'-regi.stering. Jointing-plane, 


tions  of  cost  must  be  allowed  to  jirevent  the.  em])loyment  of 
the  appliances  best  adaiiled  to  utilise  the  entire  social  oulimt 
of  the  wounded  soldier. 


r ■ ' 

1 j 

1 '5^'  ' I 

Fig.  — Education  of  the  Movements  by  means  of 

the  dynamograjihic  Hammer. 
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lions  of  cost  must  ho  nllowod  lo  prcvonl  llu‘  (,'m|)loynu'nl  of 
Iho  a])i)liaiU‘os  l)osl  adaplod  lo  utilise  the  eiilii’e  social  output 
of  file  wounded  soldier. 


-Kducatiim  nl  tlu‘  Movcnu'nts  liy  moans  of 
the  (1  yna7m»fTia|)liic  Hannner. 
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But  in  the  contrary  case  it  is  absoliilelij  necessary  to  re- 
educate the  left  arm,  so  that  it  may  acquire  the  strength 
and  dexterity  of  the  amputated  member.  This  is  easily 
etfected  : in  the  first  place,  by  means  of  the  self-registering 
joiiiling-phine  (Fig-  llb)^  the  patient  follows  the  adaptation 
of  his  appliance  and  the  (piality  of  his  movements,  which 
he  trains  in  strength  and  accuracy,  increasing  his  pace  and  his 


i nyd 
i ;i  .:;  i 


Fiu.  121. 


working  effort  day  by  day.  Then  he  assures  himself  that 
his  left  arm  is  beginning  to  strike  a very  (piick  blow  with  the 
hammer,  and  that  he  can  just  crush  a morsel  of  chalk  placed 
upon  an  anvil,  despite  the  amplitude  of  the  movement. 

The.  dgnamographic  hammer  (Fig.  120)  gives  a graphic  record 
of  the  elements  which  form  this  example  of  pin/siologieal 
pedagogics  (Fig.  121):  the  amplitude  of  the  hammer-stroke 
is  measured  bv  that  of  the  curve  ; the  duration,  /,  is  recorded 
on  the  evlinder  ; the  force  exerted  is  expressed  by  the  pro- 
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duct,  m V,  m being  the  mass  of  the  hammer  and  i>  its  velocitv. 


Ihe  trajectory  of  the  hammer  is  measured  by  the  length  of 
cord  / unwound  from  a large  aluminium  pulley  ; this  actuates 

a small  pulley  mounted  on  the  same 
axle,  and  controlled  by  a spring 
which  re- winds  it  (Fig.  122).  The 
cord  which  runs  from  the  sj)ring  to 
the  small  pulley  moves  the  inscribing 
needle  uj)on  the  recording  cylinder.^ 
Lastly,  we  must  aceuslom  Ihe  left 
hand  to  tiace  an  oval  of  -8  inches  l)v 
1 inch,  and  a scpiare  whose  side  is  1 
inch,  which  are  cut  out  of  a sheet 
of  co])per.  This  stencil  is  jilaced  on 
the  paper,  and  the.  edges  of 
the  a])ertures  thus  formed  are 
followed  by  means  of  a pointed 
pencil  or  stylus.  The.  repetition 
of  these  different  exer- 
cises, at  an  always 
increasing  pace,  guaran- 
tees the  formation,  in  5 
or  ()  weeks,  of  skilled  left- 
handed  men,  able  to 
work,  write,  play,  and 
draw  with  accuracy. 

biducated  or  intelligent 
subjects  acquire  this 
capacity  in  a very  short 
t i m e . A g r i c u 1 1 u r a 1 

labourers  take  longer  to 

o 

train,  and  one  is  obliged  to  act  upon  their  minds  by 

^ The  ratio  of  the  pulleys  is  1 : 15,  so  that  the  amplitude  of  the  curves,  multi- 
plied by  15,  gives  the  trajectory  of  the  hammer.  From  thi-;  and  the  registered 
duration  of  the  stroke  we  deduce  the  velocity  per  second,  r,  of  the  hammer. 
And  as  we  know  the  weight,  of  this  tool,  we  can  calculate  the  mass,  m.  Hence 
mr  w V 

the  produe  or  — x ^ {g  being  the  value  of  gravity). 


. -V  >*- 


Fig.  122, — Self-registering  Hammer. 
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froquently  repeated  exani])les,  and  by  Ihe  Ireciuent  haiulliag 
of  agricultural  iiuplemenls. 

\11  Ihiuiis  being  considered,  a certain  clumsiness  will  be 
dis])layed  by  these  newly-made  lefl-handed  workers,  w'hicli 
will  take  some  time  to  disappear  ; but  it  will  be  much  less 
perceptible  in  callings  requiring  the  exertion  of  strength  than 
in  those  which  demand  skill  and  dexterity,  and  in  the  ])er- 
formance  of  clerical  work.  Nevertheless,  the  taculty  ol  ada])ta- 
tion  is  of  superlative  importance,  and  some  crii)i)les  will  be 
able  to  use  their  stumps  as  well  as  their  sound  limbs.  W e are 
acquainted  with  extraordinary  examples,  to  which  we  shall 
not  further  refer,  since  such  phenomena  are  not  in  accordance 
with  natural  laws,  and  we  are  concerned  exclusively  with 

these. 

CXLV.  3.  Physiological  Education.  -Parallel  to  this 
series  of  observations  we  must  pursue  another  whose  aim  is  the 
iiwestiqation  of  respivalonj  exchanges,  in  order  to  deduce  from 
these  the  degree,  of  fatigue  induced.  In  one  ])osition  or  another 
of  the  bodv,  or  the  tool,  or  the  artilicial  arm,  either  a waste  of 
energv  or  an  economy  will  be  revealed  by  such  measuiements. 

Hence  we  shall  obtain  information  of  very  great  importance 
in  the  formation  of  the  apprentice  and  the  worker  : a true 
object-lesson  for  the  worker  who  takes  pleasure  in  observation 
and  seeks  enlightenment,  and,  above  all,  a guarantee 
against  overwork,  and  an  indication  of  the  danger  of  breath- 
lessness,  or  dyspnoea. 

I do  not  insist  upon  the  other  physiological  factors,  such 
as  the  size,  weight,  or  strength  of  the  subject,  or  the  condition 
of  his  reflexes,  and  the  swiftness  of  liis  reactions,  which  it 
is  possible  to  improve.  These  individual  constants  also  are 
a guide  to  the  choice  of  a calling.  Ihey  will  be  determined 
when  the  functional  re-education  is  completed.  If  this  latter 
were  not  judged  to  be  necessary  W(‘.  should  simply  determine 
the  subject’s  personal  efiualion,  his  vocation,  his  tastes  and  his 
previous  calling.  A worker  who  has  ser\ed  the  same  employer 
for  a number  of  years  is  taken  to  be  a well-behaved  and  respect- 
able workman. 


1^.-- 
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Ihe  individual  character  must  not  be  neglected,  for  it 
alTects  the  linding  ol  em|)loyment.  It  also  I’eveals  another 
aspect  ol  working-class  life — the  cares  of  a I’amily.  When 
his  environment,  his  wife  and  children,  do  not  leave  the  man 
the  peace  of  mind  necessary  to  good  work,  when  illness  or 
grief  has  descended  upon  the  home,  the  dee])esl  wells  of 
human  activity  are  |)()is(>ned,  and  lliere  is  a certain  disorder  in 
his  actions  and  his  ideas.  1 hus  character  is  visibly  affected, 
and  for  the  worse,  des])ile  the.  exercise  of  the  strongest  deter- 
mination. 

ihe  wounded  soldier,  then,  receives  an  education  wliich 
regulates  his  eilorts  and  his  s])eed,  disci])lining  his  movements 
and  adapting  them  to  exact  operations,  every  detail  of  which 
has  been  studied.  He  is  spared  all  supeiiluous  fatigue,  all 
waste  of  lime  and  energv. 

ibis  economy,  ami  the  skill  and  ability  of  the  worker,  are 
always  increased  by  his  intelligence  ; which,  if  it  was  not 
previously  awakened,  will  l)e  aroused  l)y  the  theoretical  instruc- 
tion given  during  his  le-education  ; a course  of  instiuction 
^\hicll  will  be  in  harmony  with  his  chosen  professional  orienta- 
tion, and  w'hich  will  give  him  a certain  knowledge  of  mechanics, 
design,  his  own  language,  and  accountancy  ; or  again  of 
agricultural  chemisti'y,  mechanical  cultivation,  I'ural  economj', 
etc.  And  from  the  sum  of  (lualifications  and  inclinations, 
recognised,  encouraged,  and  evaluated,  we  deduce  the  diivction 
to  be  followed  by  his  a])])renticeship  or  re-adaptation,  and  the 
social  value  of  the  worker,  the  human  factor  onlv  being  con- 
sidered. 


CXL\  I.  4.  The  Adaptation  of  the  Tools  Employed. — 
Now  in  addition  to  the.se  moral  and  physical  aptitudes,  which 
are  appealed  to  and  encouraged,  and  which,  in  a sense,  are 
given  first  i)lace,  we  must  consider  the  mechanical  factors  of 
labour.  lo  begin  with,  these  factors  are  determined  bv  the 

Ik' 

investigation  of  the  principal  movements  neces.sitated  bv  the 
exercise  of  a craft.  For,  as  a rule,  the  worker  merely  jei)eats, 
without  important  variations,  a certain  number  of  gestures, 
in  which  the  dilTerent  segments  of  the  various  limbs  occupy 
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well-clermed  positions.  From  this  iiiYestigation,  which  nia\  be 
simplified  and  rendered  as  exact  as  possilile  by  cinematograph\ , 
we  deduce  the  professional  hierarelu)  of  the  two  members, 
upper  or  lower,  the  preponderance,  of  one  oYer  the  other, 
their  separate  or  combined  action,  the  order  of  their  succession 

in  time,  and  their  trajeetory  in  space. 

No  basis  on  which  we  could  undertake  the  re-adaptalion  of 
the  wounded  soldier  and  his  orienlalion  toward  this  oi  that 

calling  could  be  nearer  the  truth  than  this. 

In  the  second  iilace,  the  mechanical  factor  involves  the 
choice  of  tools,  and  the  employment  of  machinery,  motors, 
and  special  devices,  which,  in  workshop  oi  factoi\,  will  sui- 
round  the  war-cripple  with  professional  conditions  favourable 
to  his  useful  employment.  It  may  well  be  imagined  that  a 
mechanical  improvement  may  modify  the  control  of  a machine, 
facilitate  the  execution  of  a ]uocess,  or  simplify  the  movements 
of  the  war-cripple,  and  thereby  be  of  considerable  sel^ice 

to  him. 

This  or  tliat  operation  which  demanded  the  use  of  both  hamts 
might  be  effected  by  one  only,  and  would  occupy  a great  number 
of armless  ” workers.  Another,  in  which  a small  motor 
might  su])plement  tlie  strength  of  the  worker,  would  serve 
the  same  purpose.  If,  for  example,  the  accelerator  or  change- 
speed  gear  of  a motor-car  or  loriy  were  controlled  by  hand, 
by  means  of  a convenient  lever,  the  one-legged  chaulTeur  would 
be  able  to  remain  at  his  old  trade  ; and  he  would  be  given  an 

artificial  leg  instead  of  a “ jiestle.” 

'fhe  tools  and  implements  are  numerous  in  which  mechanical 
substitution  is  possible  at  a very  .slight  expense.  Controls 
may  be  grouped  so  that  the  worker  need  not  move  from  place 
to  place  5 the  weight  ol  the  work  in  hand  may  be  countei- 
poised  ; and  the  means  of  adjustnu  nt  ot  machine-tools  (lathes, 

drilling-machines,  etc.)  may  be  improved. 

Thus  it  occurred  to  me  to  adapt  for  the  use  of  one-armed 
men  the  ]iunch  which  is  employed  lor  perforating  railway' 
tickets.  Instead  of  holding  the  ticket  in  one  hand  and  the 
punch  in  the  other  the  one-armed  man  hangs  the  implement 
on  his  waistcoat,  by  means  of  two  jiatent  lasteneis,  oi  a hook  , 


I 


I 
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a small  spring  holds  the  ticket  in  place,  and  it  sullices  to  press 
the  lever  in  order  to  work  the  punch  and  the  date-stamp  (b'ig. 
123).  This  modilication  costs  a few  pence,  and  there  are 
several  thousands  of  jiosts  on  the  I’rench  railways  which  might 


I'UJ.  123. — ( hie-aniicd  .Man  u.*<ing  Puncli  jierforating 
Jiuilwa  v-tickets. 


be  filled  l)v  oiie-ai’ined  soldiers,  the  nonnol  workers  beiiii^ 
enpdoyed  in  other  branches  of  the  services. 

'fhe  Paris-Lyons  and  .Mediteri’anean  Railway  Company, 
which  gave  ear  to  my  iirojiosal.s  on  this  subject,  has  adopted 
the  course  indicated,  anxious  to  promote  the  welfare  of  those 
splendid  fellows,  the  French  railway  workers. 

Such  innovations  should  receive  continual  encouragement. 
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wcll-detiiRHl  ])Osili<)iis.  From  lliis  invostigalion,  which  ina\  he 
simpliliod  and  I'ciiderod  as  exact  as  possible  1)\  ciiieniitloj*iaph\ , 
we  deduce  llie  })rolcssional  liicrarilni  of  the  two  members, 
upper  or  lower,  tlie  prepoudei'ance.  of  one  over  the  otlier, 
tlieir  separate  or  combined  action,  the  order  of  their  succession 

in  tiniCj  nnd  llicir  ti'ajeclory  in  spare. 

Xo  basis  on  wliich  we  could  undertake  tlie  rc-adaplalion  of 
the  woiiiuled  soldiei'  and  his  nrienhdioii  toward  tliis  oi  tlud 
callino  c'ould  l)e  nearer  the  truth  than  this. 

In  tlie  second  ])lace,  the  mechanical  factor  involves  the 
elwice  of  tools,  and  the  emiiloyment  of  maeliinery,  motors, 
and  special  devices,  which,  in  workshop  or  factory,  will  sur- 
round the  war-cri])ple.  with  professional  conditions  lavouiable 
to  his  useful  employment.  It  may  well  be  imagined  that  a 
mechanical  inpirovement  may  modily  the  eonti'ol  ol  a machine, 
facilitate  the  execution  of  a piocess.  or  simplify  the  movements 
of  the  war-cripple,  and  thereliy  be  of  considerable  sen  ice 

to  him. 

d'his  OI-  that  operation  which  demanded  the  use  of  both  hands 
might  be  elTected  by  one  only,  and  would  occiijiy  a great  number 
of  ” armless  ” workers.  Another,  in  which  a small  motoi 
might  supplement  the  strength  of  the  worker,  would  serve 
the  same  purpose.  If,  for  example,  the  accelerator  or  change- 
s])eed  gear  of  a motor-car  or  lorry  were  controlled  by  hand, 
bv  means  of  a convenient  lever,  the  one-  li  ^gi  d c hai 
be  able  to  remain  at  his  old  trade  : and  he  would  be  given  an 

artilicial  leg  instead  of  a “ pestle.” 

The  tools  and  implements  are  numerous  in  which  mechanical 
substitution  is  jmssible  at  a very  slight  expense.  Controls 
may  be.  grouped  so  that  the  worker  need  not  move  fiom  place 
to  place;  the  weight  of  the  work  in  hand  may  be  counter- 
jioised  ; and  the  means  of  adjustment  ol  machine-tools  (lathes, 
drilling-machines,  etc.)  may  be  improved. 

'riius  it  occurred  to  me  to  adajit  for  the  use  of  one-armed 
men  the  ])unch  which  is  employed  lor  perlorating  railway 
tickets.  Instead  of  holding  the  ticket  in  one  hand  and  the 
punch  in  the  other  the  one-armed  man  hangs  the  implement 
on  his  waistcoat,  by  means  of  two  ])atent  fasteners,  or  a hook  ; 


1 
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a small  sprini^  holds  Ilia  licktd  in  placa,  and  it  sullicas  to  pivss 
the  Irvei’  in  order  lo  woik  the  punch  and  llu^  dale-stamp 
12.')).  1'his  modiliealion  costs  a lew  pence,  and  Ihei’e  are 
.sevei'al  Ihoiisands  of  |)osts  on  llu*  I'h’ench  I'ailways  which  miylit 


l-'ic.  On<*-annc(l  Man  jierfoiatinir 

ICiihvay-tickets. 


be  tilled  by  one-armed  soldiei's,  the  nonnal  workers  being 
em])loyed  in  other  blanches  of  the  services. 

The  Pai'is-Lyons  and  Mediterranean  Hailway  Company, 
which  gave  ear  lo  my  pro])osals  on  this  subject,  has  adopted 
the  course  indicated,  anxious  to  promote  the  welfai’e  of  lho.se 
splendid  fellows,  the  I'rench  railway  workers. 

Such  innovations  should  receive  continual  encouragement. 


f 
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and  should  he  sliniulaled,  if  need  l>e,  by  prizes,  and  Ihis 
parlicularlv  in  the  agrieullural  world.  One  result  will  be  a 
machinerij  of  rc-adnplation  in  the  interests  of  war-cripples,  for 
which  they  themselves  will  ])rovide  the  physiological  dal  a, 
and  which  it  wilt  he  necessary  to  introduce  in  practice.  But 
care  should  always  be  taken  not  to  complicate  this  machinery. 
When  the  war-crii)i)le  has  l)een  e(|uipped  with  his  worker's 
arm,  with  the  universal  holder  and  universal  ring,  there  are  few 
circumstances  under  which  sjx'cial  tools  or  implements  are 
necessary  to  him  ; he  does  not  ex])erience  the  hesitations  and 
the  delays  in  “ gelling  started  ” of  which  an  employer,  justly 
concerned  as  to  the  time-sheet,  might  be  tempted  to  suspect 
him. 

In  i)rothesis,  the  multipUcalion  of  organs  of  prehension  is, 
both  indnslriallij  and  phijsiologicalbj  speaking,  fallacious. 

In  the  Danish  institutions,  or  in  that  of  Munich,  the  cripples 
make  use  of  tools  and  im])lements  adapted  to  their  infirmities. 
But  in  the.se  institutions  neither  time  nor  money  matters,  a 
point  of  A'iew  easily  understood,  but  one  which  we  are  far  from 
sharing. 

If  I had  proposed  to  discuss  the  ]iroblem  ol  the  work  of  the 
blind,  or  of  men  who  have  lost  bolh  arms,  I should  have  described 
the  special  equipment  which  is  ada])ted  theieto,  and  which, 
for  these  unfortunates,  is  absolutely  indispensable.  But  this 
would  have  led  me  away  fi’om  my  jiresent  programme. 

I shall  therefore,  reserve  for  the  end  of  this  volume  a brief 
survev  of  the  subject  of  relief  by  means  of  employment. 


CXLVll.  The  Advantages  of  Scientific  Organisation. — 
1.  Tin:  Biivsioi.OGic.Ai.  Vam  e of  the  Wau-Cihi’I’i.e. — 'fliis 
method  of  organisation,  whose  exactness  is  beyond  all  doubt, 
has  often  seemed  too  rigorous  and  too  scientific,  and  has  aroused 
the  fear  that  it  would  be  dillicult  of  aiiplication.  This  fear 
is  not  onlv  regrettable  ; it  is  totally  unfounded,  'fhe  scientific 
method  is  as  simple  as  it  is  reliable.  After  a preliminary 
stage  of  falling  into  step,  which  reipiires  a certain  amount  of 
attention,  it  can  be  applied  with  great  rapidity.  1 have 
observed  some  three  thousand  persons,  of  all  ages  and  all 


THE  m:-EnUC.\.T10.N  of  WAU-CniPPLES 


.Xi  / 


stations,  and  I have  never  required  them  to  subject  themselves 
to  any  experimentation  which  was  in  the  slightest  degree 


Fig.  124. — Case  of  Ablation  of  the  four  Fingers  (Carj)eiiter). 

disagreeable,  'fhe  majority  of  the  data  respecting  the  wounded 
soldier,  concerning  the  origin  and  results  of  his  wound,  his 
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and  sliould  l)o  slimuhilcd,  il’  need  l)i‘,  by  prizes,  and  this 
parlicuhirlv  in  tho  aijricullural  world.  One  iv.sult  will  l)c  a 
marhineri]  0/  re-ddaplalioii  in  llio  inlcrosls  ol  war-cripples,  for 
which  they  Ihcinsclvcs  will  |)rovidc  the  physioloi^ical  data, 
and  which  il  will  he  necessary  to  introduce  in  practice.  Hut 
care  should  always  he  taken  not  to  complicate,  this  machinery. 
When  I he  wai -cripple  has  been  c(piipi)ed  with  his  worker's 
arm,  wilh  the  universal  liolder  and  univei’sal  rin**',  there  are  lew 


circumstances  under  which  s])ccial  tools  or  implements  are 
necessary  to  him  : he  does  not  ex])erience  the  hesitations  and 
the  delays  in  ''  ijctlin^  started  " of  which  an  employer,  justly 
concerned  as  to  the  time-sheet,  mii^ht  he  tempted  to  suspect 
him. 

In  prothesis,  llie  miillipliealion  of  organs  of  prehension  is^ 
holh  indnslriallfi  and  phgsiologicallg  S})eaking,  fallaeions. 

In  the  Danish  institutions,  or  in  that  of  Munich,  the  cripples 


jnake  use  of  tools  and  implements  adai)ted  to  their  iidirmities. 
But  in  these  institutions  neither  time  nor  money  maLlers,  a 
])oint  of  view  easilv  understood,  hul  one  which  we  are  far  Iroiu 


shariim. 

It’  1 had  proposed  to  discuss  the  ]>rol)leiH  of  tlie  work  of  the 
l>lin(L  or  of  men  wlio  have  lost  both  arms,  I sliould  have  descril)e<l 
the  special  ecpiipment  which  is  ada])led  Iherelo,  and  which, 
for  Ihese  unforlunales,  is  alisolulely  indisjiensahle.  But  this 
would  have  led  me  away  from  my  presenl  jiro^ramme. 

I shall  therefore,  reserve  for  the  end  of  this  volume  a brief 
survev  of  llie  sulijecl  of  relief  by  means  of  employment. 


C.XLVII.  The  Advantages  of  Scientific  Organisation.  - 
1.  rill.  Piivsi()i.o(iic..\i.  V.u.ri.  01  Tin;  \V,\n-C.mi*i‘i.i;.  I'liis 
nudhod  of  organisation,  whose  exactness  is  beyond  all  doubl. 
has  often  seemeil  too  rigorous  and  too  scientilic,  and  has  aroused 
the  fear  that  it  would  be  dillicult  of  apjilication.  This  fear 
is  not  onlv  regret talile  : il  is  totally  unfounded.  The  scientilic 
method  is  as  simple  as  il  is  reliable.  After  a preliminary 
stage  of  falling  inlo  sle)).  which  reipiires  a certain  amount  of 
attention,  it  can  be  applied  will  great  rapidity.  1 have 
observed  some  three  thousand  persons,  of  all  ages  and  all 
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stations,  and  I have  never  re([iiired  them  to  subjecl  themselves 
to  any  ex|)erimenlatioii  which  was  in  the  slightest  degree 


Fio.  124.  -('asc  of  Ablation  of  tlie  four  Fingers  (Car}>onter), 


(lisiii^reeal)le.  I'lie  majority  of  llie  data  resjiecliiiu  llie  wounded 
soldier,  concerniiii*'  the  oi’iuiu  and  I'esulls  of  his  wound,  his 
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Example  of  Certificate  of  Industrial  Qualifications.] 


DIRECTOR 


Telephone  No. 


HIGHER  SCHOOL 


CERTIFICATE  OF 


SrU.TECT  No. 


Physical  Characteristics. 


Surname Weit^hl 


rjiristian  name- 1 [eight  erect  (p]) 


Age 


,,  - sealed  (S; 


Military  rank 


rhoracic  co-efhcient 


Address  I.ihertv  of  movements. 


Wound  received  on  the- 


Place 


.aiise 


lU'^ion  alYected l.ength  of  sound  limb. 


ut  » 

\:  ir 


Operations  Dimensions  of  stumj)  or  stumps. 


I7seful  muscular  po^ver 


Tissues  injured 


r.omplications  Pliysiological  condition  of  subject 


'ip  j f 

ii  i I 
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menial  and  ])hysical  aptitudes,  his  profession  before  the  war, 
the  new  inclinations  which  he  may  reveal,  and  his  family 
responsibilities,  are  collected  in  less  than  an  hour. 


Fig.  12.>. — The  same  at  Work,  thanks  tu  s[^cial  artificial  Fingers. 

These  various  elemeiils,  carefully  verified,  witli  all  possihilify 
of  dispute  eliminated,  are  tabulated  on  a form  wliich  consli- 


<1 
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tutes  the  subject’s  certificate  oj  industrial  (iimlifications  (see 
above).  This  certificate  is  personal.  Nothing  is  wanting 
but  an  indication  of  the  professional  capacities  lesulting  fiom 
re-apprenticeship  or  re-adaptation,  this  will  be  added  later. 

Information  of  this  nature,  obtained  liy  the  methods 
described,  inspires  confidence  ; it  enables  the  interested  party 
to  feel  his  way,  to  choose  his  path  ; a more  and  more  curious 
observer  of  an  inquiry  which  he  understands,  he  emerges  from 
it  consoled  and  encouraged  ; he  feels  as  though  he  had  been 
freed  from  that  obsessive,  burden,  an.vietp  as  regards  the  future. 
Science  lias  worked  within  him  a moral  transformation  of  the 
ha])piesl  nature,  which  he  does  not  seek  to  dissimulate. 

And  not  only  does  the  future  workman  or  employe  derive 
from  this  examination  a real  moral  advantage  : he  also  becomes 
aware  of  bis  precise  social  value.  The  employer,  too,  is  intro- 
duced to  this  unsuspected  sphere,  in  which  he  sees  forces 
recuperated  which  he  believed  to  be  destroyed  ; he  feels,  above 
all.  that  they  are  trained  to  serve  with  a ina.viiniiin  of  output. 
For  the  rest,  the  certificate  of  cjualificalions  mentions  the.  loss 
of  daily  output  resulting  from  the  wound,  estimated  by  experi- 
ment in  connection  with  a measured  and  recorded  task. 


CXLVIII.--2.  The  Oetiu  t of  Phothesis. — In  the  case  ot 
those  who  have,  sulfered  the.  loss  of  a limb  by  amputation  the 
evaluation  must  be  based  upon  the  gravity  of  the  mutilation 
and  the  resources  ot  prothesis.  Are  some  of  the  phalanges 
lacking,  or  even  all  the  lingers,  the  thiunb  e.xcepted  ? The  loss 
ot  indnslrial  cajiacity  will  be  from  ,3  per  cent,  to  15  per  cent., 
according  to  the  trade  or  craft,  on  the  condition  that  the 
missing  phalanges  are  skilfully  replaced  by  prothetic  seg- 
ments.^ 

The  ear))enter  or  small  machinist  is  then  able  to  resume  his 
accustomed  trade  without  ai)preciable  inconvenience  (Figs. 
121  and  125).  He  himself  succeeds  in  re-educating  his  .sensi- 

' It  is  difficult  to  make  up  for  the  loss  of  a ihnmh.  The  Romans  e.xempted 
persons  tlius  mutilated  from  military  service.  However,  in  the  case  of  callings 
which  do  not  demand  great  efforts  of  digital  pressure  or  compression  prothesis 
has  succeeded  in  supplying  fairly  useful  artificial  thumlis. 


I 
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nionlal  and  ])hysical  aplilndos.  Ids  pi'ol'ossioii  hefoiv  llie  war, 
the  iu‘W  indinalions  whicli  lie  inav  reveal,  and  Ids  faniilv 
resjionsiliililies.  are.  eolleeled  in  less  Ilian  an  horn. 


:it  Work,  tlianks  to  S|)e(  ial  artificial  Fingers, 


•<aim’ 


These  various  ehnnenls,  earefnily  verified,  with  all  possihilily 
of  dispute  elindnaled.  arc  talnilaled  on  a form  which  eonsti- 
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lutes  the  suhjeel's  ('ciiificalc  of  indnstrial  ijualifnalians  (see 
above).  'I'lds  eerliiieale  is  personal.  Xothing  is  wanting 
hut  an  indication  ol  the  professional  eajiaeities  lesulting  fioni 
re-apprenlicesJii p or  ve-adaplalion.  lids  will  be  added  lalei. 

Infovniation  <d  this  nature,  obtained  liy  the  methods 
deseribed.  ins|)ires  eonlidenee  : it  enables  the  interested  iiarty 
to  feel  his  way,  to  choose  his  path  ; a more  and  more  curious 
observer  of  an  in{[uiry  which  he  understands,  he  emerges  from 
it  consoled  and  encouraged  ; he  feels  as  though  lie  had  been 
freed  from  that  olisessive  burden,  an.rielii  as  rnjards  (he  fidnvc. 
Seienei’  has  woi’ked  within  him  a moral  transformation  of  the 
happiest  nature,  which  he  does  not  seek  to  dissimulate. 

And  not  onlv  does  the  future  workman  or  em])loye  derive 
from  this  examination  a real  moral  advantage  ; he  also  becomes 
aware  of  his  previse  soeial  value.  The  employer,  too,  is  intro- 
ilueed  to  this  unsuspected  sjihe.re,  in  which  he  .sees  forces 
i-ecnperated  which  he  believed  to  he  destroyed  ; he  feels,  above 
all.  that  thev  are  trained  to  serve,  with  a ina.rinniin  of  onlpid. 
I'or  I he  rest,  the  certilicate  of  (lualilications  mentions  the  loss 
of  daily  ont]Uit  resulting  from  the  wound,  estimated  by  exiieri- 
ment  in  connection  with  a measured  and  recorded  task. 


(iXLVlII.  -2.  riir.  Ormi  T oi-  Photiiksis. — In  the  case  ol 
those  who  have  suffered  the  loss  of  a limb  by  amputation  the 
evaluation  must  be  based  upon  the  gra\it\  ol  the  mutildion 
and  the  resources  of  prothesis.  Are  some  of  the.  ])ludangt.s 
lacking,  or  even  all  the  lingers,  the  linnnh  e.vceided  ? d'he  loss 
ol  industrial  capacity  will  be  from  .')  per  cent,  to  1.)  iier  cent., 
according  to  the  trade  or  craft,  on  the  condition  that  the 
missing  i)halanges  are  skilfully  replaced  by  prothelic  seg- 

menls.' 

The  carpenter  or  small  machinist  is  then  able  to  resume  his 
accustomed  trade  without  appreciable  inconvenieuce  (I'igs. 
121  and  12.")).  He  himself  succeeds  in  re-educating  his  sensi- 

‘ It  is  (lilHcult  to  make  up  for  the  los.-<  of  a tioonh.  Tiie  lUmians  •■xemj.teil 
ue'soii.s  tlius  mutilated  from  military  serviee.  However,  in  llie  ease  of  ealliiiLS 
whieli  do  not  rlemand  iireat  efforts  of  diLOtal  pressure  or  compression  prothesis 
lias  succeeded  in  supidyin"  fairly  useful  artilieial  thumh>. 
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liveness  lo  pressure,  and  in  correcting  the  little  awkwardnesses 
which  at  the  outset  characterise  most  of  his  movements.  The 


crease  of  the  elbow.  The  loss  may  be  remedied  by  the  worker's 
type  of  fore-arm,  or  by  the  lever  type.  The  wearer’s  vocalicn 
will  decide  the  choice,  and  it  is  the  part  of  re-adaptation  lo 
exploit  the  war-cripple's  resources  of  functional  power.  lie 


may  hesitate,  may  become  discouraged,  may  distrust  himself. 
The  facts,  clearly  ami  adroitly  displayed  before  his  eyes,  pro- 
duce in  him  the  determination  to  b//.  And  this  is  everything, 
'the  war-cripple  who  wants  lo  try  is  already  near  success. 
In  this  connection  I will  mention  various  trades  and  crafts  in 
which  wounded  soldier.s — sculptors,  marble-cullers  (Fig.  12b), 


amputation  of  one  hand  rarely  forces  a man  lo  change  his 
profession  ; and  this  also  ajiplies  lo  the  loss  of  one.  fore-arm, 
when  the  slump  measures  more  than  1-b  inches  from  the  internal 


I 


i 
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livi*m-ss  lo  |)ivssiiiv,  iuu\  in  ronvctin^  llu*  lit  lie  awkwardnesses 
wliirli  al  lln*.  oulset  rliaraclerise  inosl  oT  his  nioveinenls.  The 
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fitters  (Fig.  127),  Ixiokbimlers,  Inilors,  prinlers — have  been 
able  to  resume  work  after  a luief  training  ; Init  it  was  jirevi- 
ouslv  ascertained  tliat  tlieir  strength  remained  in  a degree 


Fig.  128. — Faulty  Prothosis  (filing  Metal), 


necessary  to  tlie  exercise  of  their  (allings.  The  amputation 
of  the  upper  arm  demands  a more  laborious  re-edneation,  which 
only  the  scientific  method  can  guarantee.  In  the  case  of 
these  major  ojierations  the  loss  of  output  is  always  from  15 
per  cent,  to  30  jier  cent.,  despite  a superior  jirothesis. 
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When  this  is  defective,  mi.sconceived,  or  of  an  empirical 
nature  the  output  is  considerably  reduced.  1 lind,  for  example, 
that  in  one  “ School  of  Re-Education  ” men  are  taught  to 
file  by  s([ueezing  the  handle  of  the  tile  into  a ring  (Fig.  128). 
Here,  in  the  first  place,  is  a mechanical  fault,  for  the  ring 
has  no  articulation  which  makes  it  jiossible,  as  with  the. 
universal  holder,  to  point  the  tool  in  any  given  direction  ; 
secondly,  only  a fraction  of  the  jiower  of  the  stump  is  utilised. 
Similar  details,  all  of  which  have  their  importance,  show  that 
re-education  must  not  be  a matter  of  groping  for  results,  or 
of  chance. 

For  the  rest,  what  concejitions  can  the  instructors  obtain 
to  help  them  in  the  task  of  projessioual  orientalion,  save  those 
which  the  observation  of  prothesis  in  action,  and  an  efficacious 
prothesis,  enables  them  to  form  concerning  the  present  value 
of  the  war-cripple,  and  the  difliculty  of  his  craft  ? 1 will 

mention  a sufficiently  striking  case.  A benevolent  society 
sent  me  a patient  whose  left  upper  arm  had  been  amputated, 
leaving  a stump  3-9  inches  in  length.  He  was  a mailre  d'lidtel, 
and  he  was  sent  to  me  to  learn  whether  he  could  not  learn 
Russian  with  a view  to  becoming  a hotel  interpreter.  1 need 
not  describe  the  amazement  of  the  wounded  man  when  I 
advised  him  to  resume  his  old  calling.  Yet  he  did  so,  and  with 
success.  Provided  with  a good  worker’s  arm,  he  was  easily 
able  to  hold  his  knife,  and  display  his  skill  in  the  art  of  Yatel. 
The  same  thing  happened  in  the  case  of  a foreman  butcher. 

Agricultural  workers  or  farmers,  provided  one  stump  is  of 
greater  length  than  4-8  inches,  should  he  able  to  endure  all 
the  fatigues  of  their  calling.  The  universal  ring  and  the  hook 
are  of  inestimable  value  to  them.  And  always,  or  almost 
always,  the  artificial  organ  will  serve  to  support  the  implement, 
or  to  bear  upon  it.  Experience  leaves  me  in  no  doubt  what- 
ever upon  this  point  : but  our  peasants  must  be  interested 
and  instructed.  On  the  other  hand,  if  a man  is  forced  to  desert 
his  original  calling,  the  qualiti]  of  his  work  will  inevitably 
suffer.  This  is  a truth  which  we  must  have  the  courage  to 
allirm,  and  which  cannot  diminish  the  merits  of  scientific 
re-adaptation  to  work. 
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lUlors  127),  hooUhimlors,  lailors.  luiiitors — havo  lu-oii 

able  lo  ii'sniiH'  woik  al'lor  a Itrii'f  Iraiiiiiiiii:  luil  it  Avas  i)i'cvi- 
ously  ascci  laiiu'd  llial  llu-ir  sliH-nolh  rcinaiiuMl  in  a (k‘L>irc 
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neccssaiy  lo  llu'  cxiTciso  of  llu-ir  railing's.  Tin-  aiiipnlalioii 
of  llu*  upper  arm  (U-maiuls  a iiiort-  lal)oi'ious  |•o-l“(llu•alion.  whicli 
onlv  llu*.  scioiililic  iiu‘lho(l  can  ou;iranlcc.  In  llu-  ease  of 
I;  llu'sc  major  opcralions  llu-  loss  of  onlpul  is  always  from  lo 

’ per  cenl.  lo  oO  per  ccnl.,  (k-spilc  a snpci’ior  prollu-sis. 


Tin;  ni>i;i)i  ('.A  1 it)N  <>i  w \n-r.uiP!-i.i;s  32.) 

Wlu-n  Ihis  is  (k-fcclive,  misconceived,  or  of  an  empirical 
nalnre  llieonlpul  is  consideiakly  reduced.  I lind,  lor  examj)le, 
IhaL  in  one  “ School  of  lie-1-klncalion  ” men  are  lauulil  to 
file  l)v  stpieezing  llu-  handle  of  llu*  lile  into  a riiuj  (k'i,^.  12<S). 

1 k-re,  in  Ihe  lirsl  place,  is  a mechanical  fanll,  for  llu-  ring 
has  no  arlicnialion  which  makes  il  possible,  as  wilh  the 
universal  holder,  lo  i)oinl  Ihe  lool  in  any  given  direclion  ; 
secondly,  onlv  a fraclion  of  Ihe.  juiwer  of  Ihe.  slump  is  utilised. 
Similar  details,  all  of  which  have  their  importance,  show  that 
re-edncalion  must  not  be  a mailer  of  gro))ing  for  results,  or 
of  chance. 

l-'or  llu-  rest,  whal  conceptions  can  Ihe  inslruclors  obtain 
to  help  Ihem  in  the  task  of  juojessional  orieulalwu,  save  those 
which  the  observalion  of  i)rothesis  in  action,  and  an  ellicacious 
prollu-sis,  enables  Ihem  lo  form  concerning  the  j)reseul  value 
of  the  war-cripple,  and  Ihe  dilHcully  of  his  crall  ? i will 
im-nlion  a snlliciently  striking  case.  A benevolent  society 
sent  me  a jialienl  who.se  left  ii|)per  arm  had  been  amputated, 
leaving  a slump  3-t)  inches  in  length.  1 le  was  a mailre  d hdlel, 
and  he,  was  sent  lo  me  to  k-arn  whether  he  could  not  leaiii 
Russian  wilh  a view  lo  becoming  a hotel  inlerpreler.  1 need 
not  (h-scribe  the  amazement  of  the  wounded  man  when  I 
ailvised  him  lo  resume  his  old  calling.  Yet  he  did  so,  and  with 
success.  Provided  wilh  a good  worker's  arm,  he  was  easily 
able  to  hokl  his  knife,  and  dis])lay  his  skill  in  the  art  of  Valel. 
The  same  thing  ha])])ened  in  the  case  of  a foreman  butcher. 

Agricultural  workers  or  farmers,  provided  one  slump  is  of 
grealer  length  than  1-3  inches,  should  be  able  lo  endure  all 
the  fatigues  of  llu-ir  calling.  The  universal  ring  and  Ihe  hook 
are  of  inestimable  value  lo  them.  And  always,  or  almost 
always,  the  artificial  organ  will  serve  lo  support  the  ijn])lement, 
or  lo  bear  upon  il.  Experience,  leaves  me  in  no  doubt  what- 
ever upon  this  point  : but  our  ])easanl.s  must  be  inleivsted 
and  instructed.  On  the  other  hand,  if  a man  is  forced  lo  desert 
his  original  calling,  the  (pialih]  of  his  work  will  inevilal)ly 
sulTer.  This  is  a truth  which  we  must  have  the  courage  Lo 
allirm,  and  which  cannot  diminish  the  merits  ol  seientific 
re-adaplation  to  work. 
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CXLIX.— 3.  Simplicity  AND  Rapidity.— To  all  these  proved 
udvantaiies  of  the  new  nicthod  of  re-education,  let  nie  add  the 
testimony  of  engineers  and  physicians  wlio  have  been  applying 
the  method  for  the  last  eighteen  months.  A period  of  4 to  5 
weeks  in  my  lahoratoiy  enables  them  to  familiarise  themselves 
with  the  technical  details  of  the  appliances  provided,  and 
the  methods  of  investigation  and  professional  orientation 
em])loyed. 

Of  the  many  institutions  of  which  they  are  the  directors, 
in  France,  Ilalv,  England,  Canada,  and  Russia,  I will  make 


Roman  school,  and  the  Milan  Institute.  These  establishments 
are  attended  by  an  average  of  75,  80,  and  130  war-crip])les  ; 
but  they  ])rovide  a real  re-education,  whose  results  are 
reliable.  The  number  of  the  pupds  is  tending  to  increase, 
and  it  is  found  that  the  certainty  of  the  method  employed 
exerts  a decisive  influence  upon  the  enthusiasm  of  the 
candidates. 

The  benevolent  institutions  which  have  been  scattered 
here  and  there  at  the  inspiration  of  empiricism,  and  which 
are  striving  to  attain  the  same  object,  are  wasting  time  and 
money  ; they  are  condemned  to  disappear,  unless  they  strike 
tardy  roots  into  a better-prepared  soil. 

However,  I will  mention  the  workshoi)s  for  the  re-apprentice- 
ship of  subjects  with  mutilated  lingers  (Fig.  129) ; they  are 
economical,  and  facilitate  the  work  of  orientation. 

In  the  meantime  the  scientific  system  has  proved  its  qualities, 
which  we  mav  characterise  as  follows  : 

It  quickly  and  ellicaciously  re-educates  the  infirm  or  muti- 
lated soldier  ; it  guarantees  the  endurance  of  the  workers 
it  has  trained,  and  also  their  rational  utilisation,  and  their 
moral;  the  information  which  it  gives  the  enqiloyee  is  sincere, 
and  it  establishes  a feeling  of  confidence  ; it  disciplines  the 
nrofessional  activities,  and  inculcates  habits  of  method  and 


pprcntk'vsilij)  of  War-Cripples  uh  Goldsinitiis  and  Jewelleis. 
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CXLIX.  3.  SiMi^LiciTV  AM)  li-UMDiTV.  To  all  lIiesG  pi’oved 
advanlauos  of  Ihc  new  inelliod  of  rc-educalion,  let  me  add  the 
testimoiiv  of  eimiiieers  and  phvsidans  who  have  been  applying 
the  method  for  the  last  eighteen  months.  A period  of  4 lo  5 
weeks  in  mv  laboratory  enables  them  to  familiarise  themselves 
with  the  teehnieal  details  of  the  appliances  provided,  and 
the  methods  of  investigation  and  professional  orientation 
employed. 

Of  the  manv  institutions  of  which  they  are  the  directors, 
in  France,  Italy,  bingland,  Canada,  and  Russia,  I will  make 
particular  mention  of  the  Fcole  Superieure  of  Rordeanx,  the 
Roman  school,  and  the  .Milan  Institute.  The.se  establishments 
are  attended  by  an  average  of  73,  <S0,  and  130  war-cri])])les  ; 
but  they  ])rovi(le  a real  re-education,  whose  results  are 
reliable.  The  number  of  the  pupils  is  tending  to  increase, 
ami  it  is  found  that  the  certainty  of  the  method  employed 
exerts  a decisive  inlluence  ii])on  the  enthusiasm  ol  the 
candidates. 

'I’he  beiievolent  institutions  which  have  been  scattered 
here  and  there  at  the.  inspiration  of  empiricism,  and  which 
are  striving  to  attain  the  same  object,  are  wasting  time  and 
monev  ; Ihev  are  condemned  to  disappear,  unless  they  strike 
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tardy  roots  into  a better-i)i'e])ared  soil. 

1 loAvever,  1 will  mention  the  workshops  for  the  re-a[)i)rentice- 
ship  of  subjects  with  mutilated  lingers  (Fig.  129) ; they  are 
economical,  and  facilitate  the  work  of  orientation. 

In  the  meantime  [\w  scicnlific  sfislein  has  ])roved  its  (pialities, 
which  we  mav  characterise  as  follows  : 

It  (puckly  and  ellicacionsly  re-educates  the  inlirm  or  muti- 
lated soldier;  it  guarantees  the  endurance  of  the  workers 
it  has  trained,  and  also  their  rational  ntilisation,  and  their 
moral:  the  information  which  it  gives  the  employee  is  sincere, 
and  it  establishes  a feeling  of  conlidence  ; it  disciplines  the 
professional  activities,  and  inculcates  habits  of  method  and 
order. 

To  fail  to  realise  all  the  practical  and  elTective  truth  con- 
tained in  these  |)rinciples  is  to  be  gravely  misled,  and  to  incur 
the  heaviest  responsibilitie.^. 
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CL.  The  .Methods  of  Scientific  Organisation  musl  iioAV  l)c 
considered.  As  re-education  cannot  l)c  obligalorij  iov  nW,  nor  con- 
fined to  a single  region^  an  active,  propaganda  should  he.  carried 
out  everywhere;  in  the  family,  in  schools,  and  in  puhlic  meetings; 
in  order  to  induce  the  hesitating  war-cripple  to  enter  his  name 
without  delay  for  admittance  to  the  estahlishments  organised 
for  his  henetit,  in  which  are  accumulated  such  treasures  of 
ex])erience,  science,  and  human  solidarity  as  no  othei  nation 
could  olTer  him.  From  the  day  of  his  eulry  until  the  day 
when  emjilovment  is  found  for  him  in  commeice,  industij, 
or  asriculture.  there  will  he  nothing  lacking  in  the  consideration 
and  the  sacrifice  to  which  he  has  an  ahsolute  right. 

I have  said,  and  1 re[)eat^ — until,  1 hope,  1 have  made  • 
myself  understood  that  professional  re-education  continues 
and  completes  the  functional  educalion.  'the  two  together 
constitute  an  undeniahle  plnjsioUHjical  unilij:^  But  it  is  also 
necessary  that  they  should  form  a psijclwltHiical  iinilij,  in  the 
sense  that  the  wounded  soldier  slmuld  he  prepared  for  his 
future  calling  from  the  lime  he  cnteis  the  hoHjnlnl.  'fo  this  end 
he  will  he  given  to  read  a sort  of  (piide  and  prospexim,  in  which 
will  he  descrihed  the  kind  of  inlirmil  v from  which  he  is  sulfering, 
the  professional  destination  lo  which  it  points,  and  the  positive 
results  of  re-educatiou  and  re-adaptation.  Professors  of 
manual  craftsmanship  will  visit  the  hospilal  to  give  lessons 
with  cinematographic  demonstrations.  Ahove  all  the  instruc- 
tion given  should  he  concrete  and  realistic,  consisting  of  facts 
rather  than  of  words.  Let  no  promise  he  made  if  there  is 
risk  of  disappoinlmenl  on  the  morrow.  Let  the  wounded 
soldier  feel  himself  sustained  hy  knowledge  and  experience 

'■  The  law  of  France  to-day  admits,  as  the  result  of  the  fortunate  intervention 
of  M.  Pierre  Raineil  and  the  rejiort  of  .M.  Brunet,  Both  deputies,  that  iirofessumal 
re-education  is  (ihligntory  in  the  case  of  a.iy  victim  of  amputation  \\ho  has  the 
right  to  a military  jiension.  J..et  us  note  vitli  Monsieur  Rameil  that  this  le- 
education  is  the  right  of  the  wounded  .soldier,  a right  which  places  the  oliligation 
rather  to  the  charge  of  the  State.  (Concerning  this  interesting  discussion  see 
r Officiel,  se.ssion  of  14  April,  1SU6.) 

- C.  R.  Acad.  Sc.,  21)  April,  1916,  V ol.  CLX.,  ]>.  559. 

’The  physiological  ('fleets  of  professional  e.vei  vises  are  now  henetieially  utilised 
in  the  Austro-German  hospitals  under  the  name  of  Arlx  ili-thcrapie. 
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united  lo  jtrobily,  and  by  the  material  help  of  a generous 
country.  It  is  important  lo  banish  from  his  heart  the  bitter- 
ness which  is  alwtiys  left  there  by  charitable  assistance. 

To  sum  up  ; to  commence  the  process  of  professional 
re-education  as  early  as  jiossible ; to  set  the  bail,  as  it 
were,  in  the  hospitals,  by  the  visits  of  competent  and  highly 
tactful  teachers,  by  lectures  and  ocular  demonstrations 
whose  leaching  cannot  be  resisted  ; such  is  the  indisjiensable 
programme. 

Ill  practice  professional  re-education  will  not  reach  all 
OUT  wounded  soldiers.  Some,  who  possess  a certain  compet- 
ence, will  ret  urn  lo  their  homes,  and  will  lind  some  means  of 
occupving  themselves  ; well  etpiipped,  they  can  re-adapt 
Ihem.selue.s  to  their  work  in  their  own  way.  Being  educated, 
thev  will  attach  themselves,  by  the  lies  of  intelligence 
and  determination,  to  the  general  professional  life  of  the 
country. 

Others — a verv  small  minority,  1 hojie— will  hide  themselves 
awav,  in  indilTerence  and  idleness,  which  will  inevitably  drag 
them  down  into  poverty.  These  disastrous  habits  have  had 
time,  alas  ! lo  assume  a distressing  development  during  the 
years  in  which  nothing  has  been  done  for  the  organisation  of 
the  work  of  wounded  soldiers  ; while  private  institutions  for 
re-education  have  exhausted  themselves  in  hitile  groping. 
Monetary  assi.stance  has  been  abuseil,  since  it  has  been  given 
without  the  definite  condition  of  being  the  reward  of  work, 
and  thereby  a sjiirit  of  idleness  and  mendicity  has  been  created 
of  which  it  will  be  dillicult  to  cure  the  always  interesting 
victims  of  the  war. 

This  evil  has  been  enabled  to  increase  to  such  a point  (and  I 
have  investigated  it  very  thoroughly  in  the  wounded  soldiers 
whom  I am  studying,  in  this  connection  among  others)  that  it 
has  seemed  to  me  irreparable  ; and  I recently  complained  of  it^ 
in  the  hope  of  opening  the  eyes  of  those  who,  I can  readily 
believe,  have  closed  them  to  the  things  of  this  world. 

But  we  must  behave  as  if  they  would  one  day  open  them, 
and  describe  the  lealities. 

^ Revue  Scieniiji<iue^  ]>.  367,  1910. 
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CLI. — Schools  of  Professional  Re-education. — The  great 
majority  of  wounded  soldiers,  instructed  and  stimulated  by 
example,  will  resort  to  the  /hV/Zut  schools  of  re-education,  thus 
denominated  in  order  to  indicate  that  a pedagogic  and  technical 
method  will  be  employed  in  them,  with  sujierior  guarantees 
as  to  their  organisation.  One  will  be  created  for  each  econoinic 
region,  the  nature  and  importance  of  the  regional  products, 
and  the  resources  of  the  producers — in  the  shape  of  plant 
and  equipment— serying  as  guide.  For  France  I propose 
eleyen  regions,  that  is  to  say,  eleyen  schools,  distributed 
among  the  cities  of  Paris,  Rennes,  Lille,  Nancy,  Lyons,  Limoges, 
Bordeaux,  Toulouse,  Marseilles,  Algiers,  and  Tunis.  The 
original  grouping  here  indicated  is  by  no  means  absolute,  ' 
although  it  seems  to  me  rational  One  might  replace  the 
cities  mentioned  by  others,  combining  economic  elements 
such  as  our  departments  in  fresh  units. 

Now  the  regional  organisation  appears  in  this  connection 
to  be  opposed  to  the  departmental  organisation  ; or,  at  least, 
so  some  haye  .supposed.  The  truth  is  quite  otherwise.  It  is 
because  there  are  so  few  centres  that  numbers  of  small  schools 
and  workshops  of  re-apprenticeship,  scattered  all  o\'er  the 
country,  haye  been  born  of  jiriyate  initiatiye.  They  haye 
followed  the  moyement  of  the  wounded  men  emerging  from 
the  military  depots  ; for  all  these  men,  once  discharged  and 
restored  to  ciyil  life,  haye  tried,  more  or  less,  to  work  and  to 
find  situations.  Generous  people — whom  we  must  not  tire 
of  praising  in  projiortion  to  the  indiflerence  displayed  by  official 
figureheads — haye  encouraged  them  by  pecuniary  relief,  by 
recommendations  to  employers,  and  by  the  inqu’oyised  insti- 
tution of  special  workshops.  The  Conseryatoire  des  Arts 
et  [Metiers  has  .seyeral  such  workshops,  atliliated  to  the  labora- 
tory of  which  I am  the  director,  if  only  for  the  sake  of  pro- 
fessional orientation  and  the  assistance  of  my  prothetic 
department.  Can  these  small  departmental  organisations 
be  made  to  harmonise  with  the  existence  of  large  regional 
centres  ? Certainly,  proyided  these  latter  undertake  the  work 
of  functional  re-education,  examine,  and  proyide  appropriate 
prothetic  appliances,  and  draw  up  certificates  of  gualifications  ; 
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after  which  they  will  send  the  wounded  and  mutilated  soldiers 
to  their  respective  departments,  where  they  will  be  near  their 
families  ; that  is  to  say,  to  the  local  workshops,  whose  function 
is  then  complementary  and  decisive. 

CLll. — (a)  The  Organis.ation  of  a Centre  of  Re-educ.a- 
TioN.— The  Higher  School  of  Re-education  should  exist  side 
by  side  with  these  elementary  workshops.  Here  follows  an 
account  of  its  organisation  in  France,  as  it  should  have  been 
from  the  beginning,  and  as  the  regions  and  cities  of  which  I 
have  already  spoken — -Bordeaux,  for  example — have  made  it 
as  a result  of  my  indications. 

Each  school  possesses  a technical  department  which  prepares 
the  certificates  of  qualifications,  attends  to  all  medical  and 
orthopaedic  reipiirements,  and  undertakes  the  general  physio- 
logical examination  which  the  certificate  itself  requires.  In 
the  same  building  are  installed  workshops,  adapted  to  the  prac- 
tice of  the  ordinary  trades  and  crafts  of  the  region.  These 
will  necessarily  be  of  man}'  kinds,  in  order  to  attract  as  many 
pupils  to  the  school  as  possible.  The  following  trades  in 
particular  will  be  taught  : 

Orthopaedy  ; mechanical  engineering  (fitting,  tool-cutting) ; 
industrial  design  ; photography  (retouching,  enlarging,  and 
printing)  ; shoe-making  ; harness-making  ; saddlery  ; elec- 
trical lilting ; tinsmiths’  work  and  the  lesser  mechanical 
crafts ; typewriting ; the  management  of  agricultural 
machinery  and  small  motors ; toy-making  in  wood ; the 
making  of  hands  and  feet  for  artificial  limbs  ; carpentry. 

In  some  centres  (.lura,  Vienne,  and  Haut-Vienne)  the  prac- 
tice of  the  lapidary  art  and  ceramics  will  be  developed,  which 
might  yield  France  a considerable  advantage  over  other 
countries.  If  the  numbers  of  those  who  have  lost  a lower 
limb  is  large,  and  a change  of  trade  becomes  necessary,  tailors 
and  weavers  will  be  trained.  But  in  general  we  must  avoid 
keeping  at  the  school  those  war-cripples  who  are  able  to  resume 
their  old  trades. 

The  direction  of  the  school  is  entrusted  to  a competent 
physician,  assisted  by  an  experienced  engineer.  Both  must 
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be  tactful,  and  capable  of  judgement  and  rellection.  'fheir 
physiological  knowledge  will  be  in  lequest  every  moment. 

The  physician  is  responsible  for  functional  re-cducation, 
prothesis,  and  orthopaedy,  and  observations  relating  to  the 
psycho-physiological  cpialifications  of  the  wounded  soldiers. 
It  is  impossible  to  divide  these  different  seivices,  to  which  the 
assistants  and  instructors  are  appointed.  The  victims  of 
amputation  work  at  repairing  oi  transforming  protlietic 
appliances,  and  installing  workshops.  But  work  of  this  sort 
should  not  be  specialised,  or  serious  disappointments  may 
occur. 

The  engineer,  for  his  part,  assisted  by  a few  good  professors 
of  the  manual  crafts,  or  by  foremen,  has  to  supei  vise  the  general 
and  technical  instruction  of  the  men,  and  divide  them  into 
professional  categories.  He  keeps  a watch  upon  the  move- 
ments of  his  patients  and  the  good  condition  of  their  artificial 
limbs,  and  he  explains  the  best  mode,  of  employing  them.  I 
have  alw'ays  remarked  that  the  victim  of  amputation  very 
quickly  completes  his  sensitive  education,  and  shows,  in  the 
handling  of  his  tools,  a dexterity  which  amazes  his  instructors. 
He  is  for  them  the  occasion  of  many  living  object-lessons,  for 
experience,  in  this  connection,  is  the  only  guide. 

The  teaching  is  not  confined  to  workshop  practice  ; theoret- 
ical courses  are  provided  ; complementary  instruction  in 
science  and  literature  increases  the  a\  erage  level  of  intelligence, 
and  enables  the  brain  to  co-operate  with  the  arms,  when  the 
latter  are  uncertain. 

CLlll.  {b}  Proi'kssiox.vl  Ohien'i  .vnox.  In  our  days,  when 
man  has  ceased  to  be  an  active  part  ot  the  mechanism  ol 
the  wonderful  machine-tools  of  industry,  to  become  a mere 
agent  of  starting  and  stopping,  in  whom  automatism  has 
reduced  to  a minimum  the  graduated  and  voluntary  activity 
of  the  muscles,  we  must  train  the  greater  number  of  our  war- 
cripples  for  economical  trades,  which  are  not  fatiguing,  and 
are  often  remunerative.  1 imagine  that  if  small  motors  of 
2 to  5 h.p.  were  placed  in  the.  hands  of  our  farmers  they  would 
live  more  prosperous  lives,  and  would  render  more  lerlile 
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and  productive  the  soil  which  has  been  so  unhapiiily 
neglected. 

An  examination  of  agricullural  implements,  with  a view  to 
their  adaptation  to  the  use  of  war-cripples,  has  become  a 
necessarv  undertaking,  but  has  not  sufficiently  attracted  the 
attention  of  the  State.  When  he  first  enters  the  school  the 
farmer  invariably  inlorms  me,  if  he.  has  lost  an  arm,  that  he 
can  no  longer  perform  any  agricultural  operation,  unless  to 
give  food  to  the  live-stock.  But  when  he  has  been  re-educated, 
when  he  is  equipped  with  the  worker  s arm,  with  the  uni\eisal 
holder  and  ring,  he  accustoms  himself,  first  of  all,  to  the  use.  of 
the  dynamogiaqihic  shovel : then  he  employs,  turn  by  tuin,  the 
ordinarv  spade,  and  shovel,  leaning  on  them  and  pressing  them 
into  the  soil  as  they  should  be  pressed  ; then  he  strikes  and 
pulls  with  the  mattock,  or  presses  and  pulls  the  hoe  or  rake. 
In  a few  days  after  bis  return  to  the  country  the  farmer  WTites 
to  tell  me  that  he,  is  performing  all  his  agricultural  tasks 

without  assistance  from  any  one. 

In  certain  parts  of  Central  France — in  Lozere,  Correze, 

Cantal,  or  again  in  the  Vosges  the  peasant  might  devote  the 
slack  season — the  winter — to  making  wooden  toys  : a craft 
in  w'hich  his  ingenuity,  his  habit  of  making  something  of 
evervthing,  and  of  doing  everything  with  his  own  hands,  would 
fimr  useful  scope.  This  toy-making  industry  used  to  be 
locali.scd  in  Germany,  in  Nuremberg  and  Fiirth.  Already  the 
Italians  of  the  North  and  the  Swiss  have  reacted  against  this 
monopoly.  We,  too,  who  possess  the  wood— usually  beech— 
and  the  most  skilful  labour,  ought  to  follow  this  examjde, 
which  costs  so  little  in  the  matter  of  initial  outlay  : a knife, 

a saw.  sometimes  a small  lathe,  and  a hammer. 

Even  in  navvy’s  work,  road-making,  etc.,  there  is  room  for 
one-armed  men.  1 had  several  yards  of  a path  paved  by  such 
a worker,  who  emplovcd  a pneumatic  paving-beetle,  known  as 
a demoiselle.  It  appears  that  this  sort  of  work  suits  the  one- 
armed  man  far  better  than  it  does  the  one-legged  man,  although 
the  reverse  is  true  of  the  removal  of  soil.  '1  wo-wheeled  barrows, 
which  are  easy  to  guide,  are  obviously  indicated  for  work  of 

this  kind. 
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liiin  lo  relinquish  his  position.  He 
ic-armed  man  is  in  a position  to  ado 
tician  : he  ean  file,  use  and  set  a saw,  1 
? chisel,  grind  and  set  tools,  drill  hole 
brace,  and  employ  the  tap  and  screv 
11(1  arm  will  wield  the  hammer  (Fig 


In  all  the  trades  or  crafts  hitherto  mentioned  the  knowledge 

O 

of  the  movements  and  tlie  efforts  re([uired  of  the  worker  pre- 
siqiposes  a knowledge  of  the  use  of  tools.  This  is  a very  im- 
portant point.  Of  course,  the  director  of  the  workshojis 


Only  the  lathe  will  present  any  real  dilficulty.  But  this  depends 
on  the  kind  of  lathe  ; some  can  be  controlled  without  much 
difficulty  (the  capstan  lathe,  for  example). 

file  war-cripple  can  also  become  a wood-worker  ; he  can 
saw,  plane,  assemble  and  glue  ])arts,  drill,  mortice,  etc. 
(Figs.  1.31,  1.32). 

fo-day  the  intelligence  of  the  worker  is  an  important  factor, 
Avhich  is  seconded  by  the  full  force  of  technical  experience, 
'fhis  enables  us  to  destine  a fairly  large  number  of  war-cripples 


Fig.  130. — One-armed  Meehanic  making  a Forging, 


cannot  contrive  to  be  onmiscient,  but  his  general  education 
and  his  experience  should  prevent  him  from  making  mistakes, 
or  leaving  to  his  assistants  the  task  of  selecting  the  trade  or 
craft  to  be  followed  by  the  war-cripple.  Otherwise  it  would  be 
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heUor  to  iiidurc  liim  lo  ri'lin(|iiish  liis  posilioii.  Ik' 
realise  that  llte  one-armed  man  is  in  a posilion  to  ado 
callino  ot  a nurluinicidn  : he  ean  lile.  use  and  set  a saw, 
(lie  shears  and  the  chisel,  grind  and  set  tools,  drill  hole 
llie  eenlre-l)il  and  brace,  and  em|)loy  the  lap  and  serev 
oi-  dies.  The  sound  arm  will  wield  the  hainmei'  (k'lg 


In  all  Ihe  trades  or  ei’ans  hilherlo  menlioned  the  knowledge 
of  the  niovemenls  and  Ihe  elTorls  recpiired  of  the  workei'  pre- 
supposes a knowledge  of  the  use  of  tools.  This  is  a very  im- 
])ortanl  point.  Of  eonrse,  the  director  of  the  woi'ksho])s 


Wounded  Soldier  workins:  tlie  .lointinfr-l*'*''"' 


resent  any  real  diHienlty.  lint  this  depends 
le  : some  ean  lie  controlled  without  much 

tan  lathe,  for  examiile). 

can  also  become  a wood-worker  ; he  can 

ble  and  glue  ])arts,  drill,  mortice,  etc. 
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cannot  contrive  to  be  omniscient,  but  his  general  education 
and  his  experience  should  ])revent  him  fi'oin  making  mistakes, 
or  leaving  to  his  assistants  the  task  of  selecting  the  trade  or 
craft  to  be  followed  bv  the  war-cripi)le.  Otherwise  it  would  be 


One-armed  Worker  cutting  Wt)od  by  means  of 


If,  on  IIk*  other  hand,  we  l)rin_n  to  Ihese  ([ueslions  that  deter- 
mination to  realise  the  facts  wliich  is  ineiinilH'iil  upon  us,  we 
perceive  that  only  an  exasperating  prejudice  has  prevented 
the  majoritv  of  crippled  workers  from  obtainins^  em])loymcnt, 
and  that  it  has  alTected  soldiers  more  than  civilians.  It  is 
truly  to  otter  an  insult  to  glory  to  exclude  it  from  our  work- 
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shops,  humming  with  industry,  or  from  the  plains  springing 

into  life  behind  the  ploughshare. 

The  object  of  professional  orientation  is  to  react  against 

social  prejudices  by  placing  the.  wounded  soldier  in  the.  position 
for  which  he  is  fitted,  in  order  to  realise  his  full  economic 

output. 

fLlV.  (c)  TiiKTiMiUtEcn  iREi)FOHHi>i-:nLX^^^^^^  Home 

or  Cott.vge  iNorsTHiES.  -But  the  technical  department  of  the 
school  will  be  consulted  by  the  pupils  for  all  sorts  of  reasons  : 
some  wishing  to  undergo  a course  of  physiological  training, 
which  seems  full  of  promise  ; others  seeking  some  improvement 
of  their  prothetic  appliances,  or  to  their  more  carefu  aejus  - 
ment,  or  simply— and  I have  had  thousands  of  such  before 
me  -a  circumstantial  examination  of  their  capacities,  m order 
that  they  may  obtain  their  certificate  of  qualitication  ; this 
thev  will  semi  to  manufacturers  inclined  to  employ  them,  or 
thev  will  in-olit  bv  it  directlv  by  setting  up  on  their  own  account. 
Foi-  niv  i.art,  1 hope  to  see  this  elTort  to  revive  the  life  of  the 
complHc  workman,  the  home-worker,  encouraged.  In  this 
there,  would  be  nothing  inconsistent  with  the.  tendency  toward 
industrial  centralisation,  as  the.  large  workshops  would,  with- 
oiit  loss  to  themselves,  become  accustomed  to  leave  the  sma  er 
crafts  and  petty  commissions  to  this  class  of  worker,  a c ass 
capable  of  great  ingenuity  and  inventive  power.  Ihe  Sta  e 
also  would  benefit  by  this  condition  of  allairs,  provided  the 
home-workers  did  not  fail  to  turn  out  good  apprentices. 

■\s  for  the  workshops  which  are  established  lor  purposes 
of 're-education,  their  object  is  perfectly  well  delined  ; to 
perfect  the  technique  of  the  handicrafts,  and  to  adapt  le 
wounded  soldier  to  selected  professional  exercises,  accordingly 
as  he  is  obliged  to  change  his  calling  or  to  specialise  in  tha 
one  of  the  (iepartments  of  his  craft  which  is  best  calculated 
to  husband  his  energies  without  diminishing  their  output. 

The  lime  reipiired  for  this  re-education  varies.  Although 
as  far  as  manual  labour  is  concerned  a year  constilutes  a 
snlbcienl  average,  it  must  be  remembered  that  the  theoretical 
education  will  require  a longer  Ume  ; and  it  will  be  of  a 
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lo  work  will)  iiuichiiu'-tools.  wliicli  will  in  I'liUiro  ho  omployed 
by  llio  iiiduslrial  world  ovon  iiioiv  widoly  Hum  :il  prosoiil. 
The  nionlal  viviirilv  which  is  oiu-  of  I ho  ohai’actorlslios  of  Ihe 
Fi'onoh  poopio  w'ill  orcally  coiitril)iilo  lo  Ihis  pi-ofossioiuil 

adaplalioii. 


Kii;.  i:ii\  (htc-aniU‘<l  W'orkcr  ciitl inir  \\'on:l  by  nu*ans  ot 

a Kip-'iaw. 


If.  oil  I ho  olhor  hand,  wo  brine  u,  (hoso  qnoslions  IhaL  delei'- 
minalion  lo  ivaliso  Iho  fads  which  is  incnnibonl  upon  us,  we 
perceive  lhat  only  an  oxasporaline  prejudice  has  iirevented 
Ihe  niajorilv  of  crip[)led  workers  from  oblainiiii^  eniployinenl, 
and  lhal  il  has  alTecled  soldiers  more  Ilian  civilians.  II  is 
trulv  lo  oiler  an  insull  lo  iflory  lo  exclude  il  from  our  work- 
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shops,  huniniine  wilh  iiiduslry,  or  from  the  plums  sprmemg 

inlo  life  behind  Ihe  iiloughshare. 

The  objecl  of  professional  orienlalion  is  lo  read  agams 
social  iirejudices  by  placing  Ihe  wounded  soldier  in  Ihe  posiliou 
for  which  he  is  lilled,  in  order  lo  realise  his  lull  economic 

oil  I pill. 

n IV  (c)  Tin;  I'lMK  llF.yrinKi)  foh  1 li;-Fi)rc. \rio.x.  I biMF 
„n  CoTTAnF  INDF.STHIFS.  Hill  llic  lechiiical  dcpar 1 111011 1 of  the 
school  will  be  consulled  by  Ihe  pupils  for  all  sorls  of  reasons  : 
some  wisliing  lo  undergo  a course  of  physiological  Irainmg, 
which  seems  full  of  promise  ; olhers  seeking  some  imiirovemenl 
iiH-ir  prolhelic  appliances,  or  lo  Iheir  more  carelul  adjusl- 
ineiil.  or  simply-  and  1 have  had  Ihoiisands  of  such  belore 
me  a circumslaiilial  examinalion  of  Uieir  capacilies,  in  order 
thal  Ihey  may  oblain  Iheir  cerlilicale  of  qiialilicalion  ; this 
Ihev  will  send  lo  maiiufadurers  inclined  to  employ  Ihem.  oi 
Ihe'v  will  prolil  bvit  diredlv  bv  selling  up  on  Iheir  own  accoiinl. 
Pdi-  iiiv  pari.  1 hope  lo  see  Ihis  elTorl  lo  revive  the  lile  ol  Ihe 
cuinuMr  workwaiu  the  home-worker,  encouraged.  In  Ihis 
Ihere  would  be  nolhing  inconsislenl  wilh  Ihe  lendeiicy  loward 
imluslrial  ceiilralisalion.  as  Ihe  large  workshoiis  would,  wilh- 
ont  loss  lo  Ihemselves.  become  accuslomed  lo  leave  Ihe  sma  ei 
crafls  and  pellv  commissions  lo  this  class  ol  worker,  a c ass 
callable  of  grea'l  ingeiiuily  and  invenlive  power.  Ihe  Male 
also  would  beneiil  bv  Ihis  condilion  ot  allairs,  provided  Ihe 
home-workers  did  mil  fail  lo  Umi  out  good  apprenlices. 

\s  for  Ihe  work.d.iops  which  are  eslablished  lor  purposes 
of  re-educalion,  Iheir  objecl  is  perfedly  well  deliiied  : to 

perfect  Ihe  lechni(|ue  of  Ihe  handicrafls,  and  lo  aiUqil  the 
wounded  soldier  lo  selected  professional  exercises,  accordingly 
as  he  is  obliged  lo  change,  his  calling  or  lo  specialise  in  llia 
erne  of  Ihe  d'eparlmeiils  of  his  craft  which  is  besl  calculated 
t„  hnsband  his  energies  wilhoul  diminishing  Iheir  oulpul. 

'I'lie  lime  required  for  Ibis  re-educalion  varies.  Allhoug  i 
as  far  as  manual  labour  is  concerned  a year  coiislilules  a 
sullicieiil  average,  il  niiisl  be  remembered  lhal  Ihe  Iheorel.cal 
odncalion  will  reipiire  a longer  Hme  ; and  il  ^^dl  be  ol  a 
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complete  nature,  so  that  it  may  form  a working  class  Hite 
which  will  itself  be  (jualified  to  teach. 

The  principle  of  the  school  will  be  that  of  the  boarding- 
school,  the  men  receiving  board  and  lodging,  while  their  wages 
will  be  reckoned  according  to  a scale  which  may  vary  according 
to  locality,  remembering  that  the  loss  of  output  in  the  majority 
of  cases  of  amputation  of  the  lower  h;g  or  thigh  is  practically 
nil. 

Under  exceptional  circumstances  it  may  be  useful  to  adapt 
the  system  of  the  day  school  in  the  case  of  married  cripples, 
so  that  they  may  return  to  their  own  homes  every  evening. 
Thus  the  schools  established  for  the  purpose  of  re-education 
distribute  the  benelits  of  instruction  in  pursuance  of  a definite 
aim  ; they  develop  the  minds  of  the  workers,  and  complete 
their  technical  training.  They  determine,  being  familiar 
with  the  facts  of  the  case,  the  industrial  or  commercial 
destination  of  the  wounded  soldier,  preparing  him  securely 
to  find  employment  and  to  take  his  place  in  the  ranks  of 
society. 


CLV.  Finding  Employment. — For  everything  must  con- 
verge ui)on  the  real  object,  which  is  to  find  employment  for 
the  wounded  soldier.  The  mutilated  workmen  w'ho  are  helped 
to  set  up  for  themselves,  the  young  men  who  ought  to  enter 
the  liberal  professions,  and  whose  efforts  should  be  encouraged 
by  subventions  or  by  gratuitous  training — these  are  examples 
of  the  men  for  whom  we  are  finding  employTiient.  One  may 
also  count  upon  individual  initiative.  This  or  that  employer 
or  factory'-manager  w’ill  apply  to  ymu  for  one  or  several  wounded 
soldiers.  I,  personally,  have  received  many  applications  of 
this  kind,  to  wdiich  I have  responded  by  sending  to  the  applicant 
the  required  number  of  war-cripples,  wdio  have  undergone 
their  course  of  re-education  and  received  their  certificates. 
These  certificates  constitute  an  element  of  great  value,  because 
the  employer  finds  in  them  information  w'hich  is  intelligible, 
exact,  and  honest.  Between  him  and  his  employee  a solid 
confidence  is  established,  the  foundation  of  wiiich  is  the 
truth. 
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A number  of  charitable  societies  have  undertaken,  during 
the  war,  to  collect  and  centralise  offers  to  employ  war-crip])les, 
and  to  elicit  others  by  advertisements  in  the  Press,  or  through 
the  personal  influence  and  connections  of  their  directors. 
Beyond  a doubt  some  of  these  societies  have  in  this  direction 
furnished  a generous  contribution  of  patriolic  zeal.  But  to 
all  attem])ts  of  this  kind  the  more  substantial  influence  of  the 
syndical  chambers  is  to  be  preferred  (Trade  Union  Councils). 

I am  strongly  of  opinion  that  the  Trade  Unions  should  be 
invited  to  collaborate  in  the  work  of  placing  our  wounded 
and  mutilated  soldiers.  The  great  factories  are  in  a position 
to  employ'  many  thousands  of  them,  provided  they  practise 
the  division  of"  labour,  and  lay  dow'ii  machinery  which  is 
easily  controlled.  The  Ministries  of  Munitions  in  France 
and  England,  some  of  w'hose  w'orks  employ  from  5,000  to  10,000 
hands,  ought  to  have  adopted  this  course  long  ago,  and 
might  have  done  so  without  diminishing  the  level  of  production. 

They  ])ossess  means  of  action  superior  to  those  of  other 

Ministries.^ 

Certain  great  industries,  especially'  the  metallurgical,  have 
begun  to  make  such  attempts,  of  their  own  proper  motion, 
yielding  to  the  spirit  of  solidarity  which  the  intelligent  em- 
ployer feels  in  respect  of  his  wounded  w'orkers.  I trust  that 
this  example  W'ill  rapidly  become  contagious. 

Commerce  also  offers  outlets  : the  wounded  soldier  may 
find  employment  as  house-surveyor,  newspaper  canvasser, 
newsagent,  or  new'svendor.  Young  men  w'ho,  for  lack  of 
apprenticeship  to  a trade,  w'ould  adopt  the  calling  of  news- 
vendoi,  should  be  taught  other  trades,  in  w'hich  their  arms  or 
legs  would  be  necessaiy.  Book-keeping  w'ill  absorb  a certain 

' .After  twenty-one  months  of  war  I read  in  the  ncwspajier  that  tlie  I mler- 
Seeretary  of  State  for  Munitions  had  “ invited  the  heads  of  industne.s  to  arran^o 
for  the  erai)loyinent  of  war-cripples  in  all  cases  where  it  is  possible  to  utilise 
them;  as  watchmen,  inspectors,  clerks,  etc.”  {Le  Journal,  2 1 April,  191  .) 
A more  recent  ‘^invitation”  “to  ascertain  the  kinds  of  work  on  which  the 
interested  party  (wounded  or  crippled  soldier)  can  he  emi.loyetl  without  incon- 
venience ” {ibid.,  22  June,  1916),  obviou-sly  constituted  a ])erccptible  step 
forward.  Since  then  the  Ministry  has  brought  about  the  extensive  emiiloyment 

of  snch  workers. 
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number  of  wounded  soldiers,  above  all  those  who  are  suffering 
from  radial  paralysis,  and  those  who  have  lost  a leg.  Banks, 
business  houses,  etc.,  will  employ  them  as  typists,  copying 
clerks,  accountants,  etc. 

The  essential  thing  is  to  prepare  the  wounded  soldier  for 
his  calling,  so  that  he  may  practist',  it  effeelivelij  ; then  his 
position  will  be  secure,  and  he  will  esca[)e  the  hazards  of 
charilable  employment. 

At  the  present  moment  the  F'rench  Ministry  of  Labour  is 
making  an  effort,  thanks  to  a Central  Olhce  (decrees  of  March, 
1916),  to  co-ordinate  the  scattered  training  establishments  and 
employment  agencies,  and  to  repair,  if  possible,  the  mistakes 
which  have  been  committed. 

CLVI.  An  Institute  for  the  Organisation  of  Labour. — It 
will  be  seen  that  a complete  preliminary  study  of  the  problem 
was  necessary  before  it  was  possible  to  obtain  a thorough 
grasp  of  the  methods  of  re-education.  It  was  also  necessary 
to  examine  all  the  modes  of  its  application,  and  to  act  with 
deci.sion  and  promptitude,  in  collaboration  with  qualified 
persons,  grouped  under  a vigilant  director.  Lastly,  it  was 
indispensable  to  possess  a central  organism,  comprising  all  the 
mechanism  of  control  and  co-ordination.  The  school  to  be 
installed  in  Paris  might,  under  the  name  of  the  “ Institute 
for  the  Organisation  of  Labour,”  become  the  organisation  in 
question  : it  might  serve  as  a centre  of  advanced  instruction 
in  the  disregarded  science  of  labour  and  apprenticeship, 
and  as  a connecting  link  between  the  competent  departments 
of  the  several  Ministries,  and  might  introduce  a little  order 
into  a condition  of  affairs  which  is  (>f  necessity  confused. 

Let  us,  in  fact,  consider  the  diversity  of  the  departments 
which  occupy  themselves  with  the  lot  of  the  wounded  soldier. 
In  France  the  Service  de  Sante  (Army  Medical  Service)  is 
responsible  for  matters  of  prothesis  and  psychotherapy,  for 
the  discharge  of  soldiers  from  the  army,  and  for  the  award  of 
pensions.  General  and  technical  instruction,  apprenticeship, 
and  all  the  legislation  which  surrounds  them,  together  with 
the  award  of  pensions  other  than  military,  unemployment. 
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and  industrial  accidents  are  the.  province  of  the  Ministries  of 
Labour,  Commerce,  Public  Instruction,  and  .\grieulture.  The 
whole  Government  is  therefore  engaged  in  this  social  task,  but 
it  is  advisable  that  a single  mechanism  should  undertake  it. 

Such  seems  to  be  the  mature  decision  ol  Parliament,  since 
it  has  entrusted  the  Ministry  of  Labour  with  the  duty  of  organ- 
ising professional  re-education  in  France.  'I'hus  a lornndable 
waste  of  time  and  money  will  be  avoided  ; and  unenqiloyment 
will  be  prevented.  It  should  indeed  be  inexcusable  in  countries 
in  which  the  entire  energy  of  the  nation  is  required.  1 believe 
the  scientilic  method  of  re-education  will  produce,  in  both 
employers  and  workers,  an  improved  industrial  discipline, 
and  a higher  moral  and  intellectual  standard.  As  soon  as  the 
schools  are  in  full  working  order,  and  employment  secure, 
two  years  will  not  elapse  licfore  all  our  re-educated  wounded 
soldiers  will  lie  in  a position  to  gain  their  livelihood,  without 
owing  anything  to  any  one.  Our  workers,  artisans  and 
peasants  alike,  are  counting  on  this  ; they  are  awaiting  Gie 
action  of  the  State  with  an  inqiatienee  whose  rapid  contagion 
I have  often  regretted.  Xo  one  must  betray  the  hopes  vhich 
have  shone  into  their  hearts.  It  is  the  time  for  decisive 
action,  for  a great  obligation  of  solidarity  is  at  issue,  of  which 
the  likeness  is  not  to  be  found  in  human  histoiN. 

CLVII.  Relief  Work. — The  Seriously  Wounded.— 1 he 
physiological  organisation  of  labour  has  an  imniensel\  \Nide 
bearing,  since  it  embraces  ])hysical  education  and  apinentice- 
ship,  social  hygiene,  and  jirolessional  re-education. 

In  the  special  class  of  wounded  soldiers  we  have  seen  that  it 
enables  the  very  great  majority  of  inlirin,  weakly,  and  iiualid 
subjects  to  return  to  normal  life,  and  about  80  per  cent, 
of  the  mutilated  soldiers,  of  whom  there  are  in  Europe  more 
than  2,500,000.1 

But  the  others,  the  seriously  wounded;  those  who  have 
had  to  suffer  a double  amputation,  and  those  vho  aie  totally 

1 There  are  nearly  80, COO  in  France,  as  against  2,781  after  the  war  of  1870-1. 
The  belligerent  countries  nuniher,  on  an  average,  one  u-onnded  soldier  per  .10 

inhabitants. 
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invalid,  and,  lastly,  the  blind  ? What  can  the  scientific 
method  of  re-education  do  for  these  unfortunates  ? Some 
poss'ess  a degree  of  functional  capacity  so  small  that  it  cannot 
be  used  ; some  are  only  in  slightly  better  case.  Others 
— -even  when  their  limbs  are  intact — have  lost  the  most 
important  of  the  functions  of  relation  : their  si(jlil.  For  them 
the  outer  world  has  become  a place  full  of  ambushes ; a 
heavy  darkness  has  descended  upon  the  horizon  which  met 
their  ewes  of  old,  and  which,  to  them,  was  familiar. 

All  these  facts  I reserved  for  the  present  chapter,  since 
they  did  not  immediately  enter  into  my  programme,  and 
because  the  normul  social  output  alone  preoccupied  me.  I 
should  like,  however,  to  venture  on  a brief  survey  of  the 
problem  of  charitable  employment  or  relief  work  upon  which 
the  seriouslfi  wounded  and  the  blind  are  dependent.  I do 
not  intend  to  attempt  more  than  a mere  contribution  to  the 
subject. 

The  eipiipmenl  willi  prothetic  appliances  of  those  who  have 
lost  two  or  more  limbs  is  a delicate,  matter,  which  demands 
the  fullest  attention.  The  remedy  is  a perfected  ])rothesis, 
adapted  as  carefully  as  possible a prothesis  utilitarian 
rather  than  aesthetic.  The  lower  limbs  require  less  care. 
The  patient,  with  two  good  “ ])estles,”  can  enter  some  seden- 
tary occupation  ; walking  is  conqiaratively  easy,  but  the 
man  must  be  his  own  master  ; he  must  be  master,  too,  of 
his  time,  and  able  to  study  his  own  convenience. 

The  literally  legless  man,  when  he  is  poor,  can  only  have 
recourse  to  bene\olent  assistance  ; it  is  his  right.  Special 
workshops  would  ])ermit  of  the  utilisation  of  tins  category  of 
worker,  whose  ont))ut  is  often  fairh  high.  The  category  of 
those  who  have  lost  both  arms  or  hands  is  more  interesting, 


if  we  mav  say  so  ; for  scientific  re-i'ducation  benefits  it  very 
greatly,  both  by  exercising  and  training  the  sensiti\eness  of 
the  stumps,  and  by’’  adapting  them  to  the  execution  of  dexterous 
movements.  Never  has  this  phy'siologieal  training  appeared 
more  fruitfully  beneficial  than  in  flic  case  of  the  blind. 

The  appliances  of  the  Cauet  tyjie  are  those  which  best 
satisfy  the  needs  of  those  who  have  suffered  amputation  of 


both  the  upper  limbs,  who,  if  they  are  intelligent,  can  resume 


Accountant,  seated  at  a (Aite  Table.  Both  his  Fore-anus 
have  b(‘cn  amputated. 


their  old  occupations  with  appreciable  results  (Fig.  133) 
But  more  is  needed  for  the  blind. 


Tin-:  !Mn'si()i.()(iY  of  indfstiuaf  oiwiamsa'iion 


invalid,  ami,  lastly,  the  blind?  What  can  Ihc  scientilic 
nu'Lhod  of  lo-cdncalion  do  lor  these  unforlnnales  ? Some 
possess  a decree  of  fnnelional  ca[)acily  so  small  lhat  il  cannot 
he  used  ; some  are  only  in  slightly  heller  case.  Others 
—even  when  their  limbs  are  intact  have  lost  the  most 
important  of  the  functions  of  relation  : their  sif/Id.  For  them 
the  outer  world  has  become  a ])lace  full  of  ambuslies;  a 
heavy  darkness  has  descended  U])on  the  horizon  which  met 
their  eyes  of  old,  and  which,  to  them,  was  familiar. 

All  these  facts  I reserved  for  the  present  chapter,  since 
they  did  not  immediately  enter  into  my  programme,  and 
because  the  iwrnud  socud  oulpul  alone  ])reoccupied  me.  I 
should  like,  Imwever,  to  veiiture  on  a brief  survey  of  the 
problem  of  charitable  employment  or  relief  work  upon  which 
the  serioiislii  wounded  and  the  blind  are  dependent.  I do 
not  intend  to  attempt  more  than  a mere  contribution  to  the 
subject. 


The  e([ui))inenl  with  prothetic  appliances  of  those  who  have 
lost  two  or  more  limbs  is  a delicate  matter,  whicli  demands 
the  fullest  attention.  I’he  remedy  is  a perfected  prothesis, 
adapted  as  carefully  as  possible  ; a prothesis  utilitarian 
rather  than  aesthetic.  The  lower  limbs  require  le.ss  care. 
The  patient,  with  two  good  “ pestles,”  can  enter  some  seden- 
tarv  occupation  ; walking  is  comparatively  easy,  but  the 
man  must  be  his  own  master  ; he  must  be  master,  too,  of 
his  lime,  and  able  to  study  his  own  convenience. 

The  literally  legless  man,  when  he  is  poor,  can  only  have 
recourse  to  bene\olenl  assistance:  il  is  his  right.  Special 
workshopti  would  ])ermit  of  the  utilisation  ol  lids  category  of 
worker,  whose  onljnit  is  often  fairly  high.  The  category  of 
those  who  have  lost  both  arms  or  hands  is  more  interesting, 
if  we  mav  say  so  ; for  scientilic  re-education  benelils  it  very 
greatly,  both  by  exercising  and  training  the  sensiti\eness  of 
the  slumps,  and  by  adapting  them  to  the  execution  ol  dexterous 
movements.  Never  has  this  ])hysiological  training  a])j)eared 
more  fruilfullv  benelicitd  than  in  tlu'  case  of  the  blind. 

The  appliances  of  the  Cauet  type  are  lho.se  which  best 
satisfv  the  nceils  of  those  who  have  suffered  amputation  of 


Till-;  i!i;-i:i)i  (:.\TTOx  of  wAn-c.nii'i>Li-;s 


ire  intelligent,  can  resume 


both  the  iqiper  limbs,  who,  if  they 


.\ccountant,  sfatoil  at  a Table.  Botli  hi.<  Fore-arms 
iiave  bt‘cn  amputated. 


their  old  occuiialions  with  apjireciable  results  (Fig 
Ihil  more  is  needed  for  the  blind. 


1 


,‘551  THE  PHYS!OEO(iV  OF  iNDTSTHl  \L  ORGANISATION 


CLVIII.  The  Physiological  Education  of  the  Blind. — The 
belter  to  define  the  principles  here,  involved,  I will  take  the 
example  of  a blind  soldier  who  had  siilTered  amputation  of  the 
left  upper  arm  and  the  right  fore-arm. 

G.  S.,  aged  41  vears,  married,  and  the  father  of  two  children, 
was  a dealer  in  forced  fruits  and  vegetables.  In  his  calling  the 
senses  play  an  essential  part.  The  man  was  utterly  dejected 
as  a result  of  his  mutilations.  I look  him,  barely  cicatrised, 
from  the  hospital  in  which  he  was  stilling  his  mental  anguish, 
and  I busied  myself  at  first  with  the  sensibility  of  the  stumps. 

Here  is  the  method  employed  : 

For  a week  the  sensibility  is  trained  by  means  of  the  weighted 
hracelel  (§  112). 

This  training  is  completed  by  exercises  with  the  brachial 
splint,  and  controlled  by  the  spike  aeslhesiomder  and  the 
pressure  dijuamometer.  Finally  the  aeslhesiographic  table  is 
employed  (Fig.  131).  This  consists  of  a rectangular  plate  of 
brass,  P,  with  a Hue,  F,  which  is  ])laced  over  a small  lam]), 
bringing  the  whole  up  to  a temperature  of  about  86°  Fahr. 
In  the  centre  of  the  ])lane  surface  appears  a blunt  point  of 
ivory,  I,  which  by  means  of  a micrometer  screw,  M,  can  be 
gradually  made  to  protrude.  I he  extent  of  this  protrusion 
is,  of  course,  known.  At  its  base  it  ])resses  on  a Marey  drum, 
with  an  internal  soring,  and  ti  e pressure  can  be  registered  as 
usual.  Under  these  com’itions  the  patient  is  allowed  to  exploie 
the  surface  of  the  ])late  or  table,  the  point  being  at  zero. 
He  moves  bis  stum])  over  it  in  all  directions  ; and  little  by 
little  the  micrometer  screw  is  turned.  When  the  ])atieiit 
manages  to  detect  the  ivory  point,  the  height  of  the  projec- 
tion of  the  point  is  read,  and  the  ]iressure  which  the  stump 
has  exerted  in  order  to  feel  it  is  legistered. 

From  dav  to  dav  the  results  improve.  The  patient  is  now 
provided  with  mechanical  arms  of  Canet’s  ty])e,  and  the  sensory 
re-education  is  recommenced,  but  is  now  combined  with  the 
adaptation  of  the  movements.  G.  S has  succeeded  in  making 
himself  useful  in  his  old  occupation  ; he  no  longer  feels  iso- 
lated ; he  is  re-entering  into  possession  of  the  active  life  which 
at  one  lime  he  thought  he  had  left  for  ever.  We  live  by  our 
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senses,  a little  of  necessity  and  a great  deal  by  habit.  The 
blind  man  has  to  lose  the  habit,  and  content  himself  with 
the  necessitv. 


CLIX.  The  Work  of  the  Blind. — TIte  loss  of  sight  is  more 
grievous  to  sonic  than  to  others.  The  man  congenitally 
blind  has  no  conce])tion  of  his  loss  : the  man  blinded  by 

accident,  on  the  oilier  hand,  attaches  to  it  an  imj)orlance 


Iiuplt  \nnent  of  the  Aef^thesioyrf/ phic  Tahle  in  the  Case  t»f  a 

bliiKl  Cri|j[)le. 


which  deiiends  on  the  sum  of  the  diOights  of  whicli  it  de])i'ives 
him.  'Hie  sim])le-minded  man  snITers,  in  this  respect,  less 
than  the  cultivated  man.  Put  one  must  continually  a])])eal 
to  the.  moral  of  the  blind,  and  em])!oy  the  finest  tact  in  dealing 
with  them. 

riie  best  means  of  forlifving  their  moial  is  to  find  work  for 
them,  and  preferably  to  re-ada])t  them  to  their  old  trades. 

Work  manifests  the  action  of  man  ui)on  the  external  world, 
and  draws  him  awav  from  the  anxieties,  the  griefs,  and  the 
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CLVIII.  The  Physiological  Education  of  the  Blind. — The 
heller  lo  define  the  principles  here  involved,  1 will  take  the 
example  of  a blind  soldier  who  had  snlTercd  ain])iilation  of  the 
left  upper  arm  and  the  right  fore-arm. 

(t.  S.,  aged  11  years,  married,  and  the  father  of  two  children, 
was  a dealer  in  forced  fruits  and  vegetables.  In  his  calling  the 
senses  plav  an  essential  part.  The  man  was  utterly  dejected 
as  a result  of  his  mutilations.  1 took  liim,  barely  cicatrised, 
from  the  hospital  in  which  he  was  stilling  his  mental  anguish, 
and  I busied  myself  at  first  with  the  sensibility  of  the  stumps. 

Here  is  the  method  employed  : 

For  a week  the  sensibility  is  trained  by  means  ol  the  weighted 
bracelet  112). 

This  ti'aining  is  completed  by  exercises  with  the  biachial 
splint,  and  controlled  by  the  spike  aeslhesiomeler  and  the 
pressure  dipiamomeler.  b'inally  the  aeslhesioyi aphie  lahle  is 
employed  (big-  13-1).  fhis  consists  ol  a rectangular  plate  of 
brass,  P,  with  a Hue,  F,  which  is  placed  over  a small  lam]), 
bringing  the  whole  uj)  to  a temi)erature  of  about  86°  Fahr. 
In  the  centre,  of  the  |)lane  surface  appears  a blunt  })oint  of 
ivorv,  I,  which  by  means  of  a micrometer  screw,  M,  can  be 
gradually  made  to  ])rotrude.  the  extent  of  this  protrusion 
is,  of  course,  known.  At  its  base  it  presses  on  a Marey  drum, 
with  an  internal  spring,  and  tl  e pressure  can  be  registered  as 
usual.  Under  these  com'itions  the  j)atient  is  allowed  to  exploie 
the  surface  of  the  j)late  or  tal)le,  the  ])oini  being  at  zero. 
He  moves  fis  stum})  over  it  in  all  directions;  and  little  by 
little  the  micrometer  screw  is  turned.  hen  the  ])atient 
manages  to  detect  the  ivory  ])oinl,  the  height  ol  the  projec- 
tion of  the  ])oint  is  read,  and  the  pressure  which  the  stumj) 
has  exerted  in  order  to  feel  it  is  registered. 

From  dav  to  day  the  results  im[)rove.  Ihe  patient  is  now 
])rovided  with  meelianieal  aims  of  Canet’s  ty])e,  and  the  sensory 
re-education  is  recommenced,  but  is  now  combined  with  tlie 
adaptation  of  the  movements.  (1.  S.  has  succeeded  in  making 
himself  useful  in  his  old  occu|)ation  ; he  no  longer  feels  iso- 
lated ; he  is  re-enti'ring  into  possession  of  the  active  life,  which 
at  one  time  he  thought  he  had  left  lor  ever.  e live  b\  oui 


senses,  a little  of  necessitv  and  a great  deal  bv  habit,  'fhe 
blind  man  has  to  lose  the  habit,  and  content  himself  with 
the  necessitv. 


CLIX.  The  Work  of  the  Blind. — -fhe  loss  of  sighl  is  more 
ijrievons  lo  some,  than  lo  otliers.  'fhe  man  congenitallv 
blind  lias  no  conraplion  ol’  his  loss:  Ilia  man  lilindrd  l>y 
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which  depends  on  the  sum  ol’  tin*  (U'li!Li[hls  of  which  il  deprivt's 
him.  d'lie  sim|)le-niinded  man  sulTers,  in  (his  I’especl.  less 
than  Ihe  ciiUivaled  man.  !>ul  or;e  musi  continuaily  appeal 
lo  the  mnial  ol’  the  l)lind,  and  (unploy  Ihe  linest  tael  in  dealiui^ 
with  I liem. 

d’he  best  means  of  I’oidiiyini.;  tlieir  niouil  is  lo  lind  woil:  lor 
tliem,  and  [)rererably  lo  iv-ada])t  them  to  their  old  trades. 

Work  maniresls  the  aelion  of  man  upon  the  external  world, 
and  draws  him  awav  from  the  anxieties,  the  oriel’s,  and  llie 
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discouragement  wliieli  luive  from  all  lime  been  the  lot  of  the 
blind  : 

()  Siiiinthee  ApoUmi.  jc  perirni  sunn  ilonle 

Si  tu  )ie  sers  (If  (juide  h cel  nvi  xi/le  erninl ! 

“ ()  Sinintlieus  Apollo,  I shall  surely  die  if  thou  dost  not  serve  as  guide  to  this 
svamlcring  hlind  man  ! " 

lUit  the  god  of  shepherds  is  assuredly  less  useful  than  a poodle 
to  guide  the  blind  farmer  across  the  fields,  bor  it  seems  to 
me  necessary  to  adapt  the  latter  to  the  work  of  the  soil  and  the 
t.'isks  of  the  farmyard.  He  has,  in  short,  the  necessary 
experience  ; he  is  familiar  with  aspect  and  the  use  of  agricul- 
tural implements.  Well-trained  as  regards  his  tactile  sensi- 
bility, and,  at  need,  assisted  by  a boy,  he  can  resume  the 
laborious  life  of  the  peasant.  For  tlie  peasant  farmers  form 
the  majority  of  those  engaged  in  agricidlure. 

Such  is  the  case  of  L , among  others  ; a small  farmer 

smitten  with  blindness  in  the  war,  who,  further,  lost  the  four 
fingers  of  his  right  hand,  the  thumb  liaying  retained  a certain 
though  insulllcient  mobility.  I he  artificial  hand  with  which 
I ec|uipped  him  enables  him  to  make  use  of  the  uniyeisal  ling 
or  pliers,  or  even  of  the  parade  hand.  His  moyements  are 
being  controlled  and  corrected,  thanks  to  the  dijnanvHji aphic 
shovel,  and  his  efforts  eyaluated,  with  a yiew  to  the  possibility 
of  the  necessary  exertions.  There  are  in  general  no  practical 
dilficulties  in  enabling  the  blind  farmer  to  resume  his  old 
occupations,  except,  indeed,  that  it  is  important  to  make  it 
easier  for  him  to  do  so.  If  he  has  no  kinsfolk  who  can  employ 
him,  some  beneyolent  society  must  ]»lace  him  in  surroundings 
w'hich  are  familiar  to  him. 

In  general  the  process  of  re-adaptation  to  work  should  be 
the  object  of  beneyolent  assistance,  for  it  econoniises  the  whole 
business  of  getting  to  work  again,  and  of  apprenticeship. 
I haye  ahvays,  for  example,  reconimendcd  that  blind  men 
who  belong  to  the  category  of  mechanicians,  tinsmiths,  lock- 
smiths, etc.,  should  be  re-educated  as  fitters,  and  in  the  per- 
formance of  heayy  mechanical  work.  Hie  Reuilly  establish- 
ment has  completely  realised  the  force  of  my  contention. 
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These  men  work  by  the  task  and  are  paid  by  the  piece, 
neither  more  nor  less  than  the  normal  workers  in  the  factoiw'. 
Here  is  a profession  in  wdiicli  our  great  manufactuiers  can 
encourage  the  pious  work  of  assisting  the  blind. 

The  trades  in  which  re-adaptation  and  eyen  re-apprentice- 
ship are  easy  may  be  classified  as  follows,  in  the  older  of 
useful  output  : agriculture  ; coarse  mechanical  work  ; book- 
binding ; brush-making ; mending  and  re-seating  chairs  ; 
basket-making;  packing  (closing  boxes  of  fruits  and  yege- 
tables) ; cooperage  ; making  wooden  shoes  ; making  small 
baskets  of  raphia  ; massage;  piano-tuning;  telephoning 
(for  customers). 

It  is  in  all  cases  advantageous  to  train  and  exercise  the 
sensibility  by  contact  with  the  surfaces  and  the  contours  of 
tools  and  shaped  articles  ; for  example,  by  utilising  a cube 
of  brass  with  rounded  corners,  the  radius  of  the.yarious  rounded 
surfaces  being  unecpial,  and  getting  the  blind  man  to  recognise 
and  estimate  the  difTerences.  The  chair-mender  will  pass 
his  fingers  oyer  the  straw,  rushes,  or  cane  of  the  chair-bottom, 
counting  the  row's  and  inequalities  of  the  prepared  surface  ; 

and  so  with  other  kinds  of  w'ork. 

I haye  caused  little  tablecloths  to  be  made  of  silk  oi  cotton 
twist,  for  tea-tables.  Sweaters,  mufflers,  etc.,  can  be  made 
in  the  same  sort  of  work.  It  is  yeiy  easy  to  learn  and  \'ery 

remuneratiye. 

These  brief  explanations  wall  enable  the  reader  to  realise 
how'  much  thought  might  be  giyen  to  the  subject  of  relief  by 
means  of  w'ork,  a species  of  relief  w'hich  affects  so  man} 
unfortunates,  and  which  snatches  them  from  a cruel  fate, 
while  it  extends  the  scientific  work  of  organising  human 
actiyity  to  ground  w'hich  w'e  shall  newer  tread  w'ithout  a 
profound  emotion  and  a pious  respect. 

CLX.  General  Conclusion. — Through  the  innumerable 
forms  of  our  actiyity,  in  the  exertions  of  the  body  as  W'ell 
as  in  those  of  the  niind,  a single  principle  appears  : the 
principle  of  order  and  harmonij.  All  Nature  obeys  it  . the 
ray  of  light,  as  it  is  refracted  or  reflected,  follow's  the  shortest 
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path  ; the  stone  which  falls  or  is  thrown  from  the  hand 
describes  a minimum  trajectoiy  ; the  instinctive  movement 
is  also  the  most  rapid.  And  man  has  never  reflected  that 
his  voluntaiy  actions  squander  time  and  energy  and  riches 
which  would  benefit  society  ! For  he  needed  self-control 
and  a rigorous  science  to  avoid  useless  waste,  and  to  keep 
himself  on  the  sloping  path  of  routine.  A demonstrative 
experience  was  necessary  to  make  him  understand  that 
economy,  while  husbanding  the  expenditure  of  our  energies, 
increases  their  utilisation,  and  that  this  expenditure  should  be 
rational  and  methodical  in  every  sphere  which  is  open  to  our 
activities. 

For  it  is  a mistake  to  suppose  that  the  capital  of  our  physical 
and  psychical  energies  is  inexhaustible.  It  represents  a 
sum,  a total,  of  which  we  do  not  know  the  exact  figure,  but 
it  cannot  be  far  from  the  equivalent  of  150,000  horse-power 
hours  for  the  normal  duration  of  life,  with  a useful  effect  of 
about  10  per  cent. 

This  would  be  a very  small  mechanical  output  in  comparison 
with  that  of  inanimate  motors,  if  we  had  not  to  consider  the 
intelligence  of  labour  and  its  infinite  A'ariety,  if  it  were  not  for 
the  existence  of  Ihoughl,  which  nothing  hitherto  has  been 
able  to  parallel. 

The  athlete  is  mistaken  when  he  crazily  dissipates  his 
strength.  The  working-man  is  making  a miscalculation  when 
he  refuses  to  improve  the  condition  of  his  work  by  a more 
skilful  technique,  an  improved  equijmienl,  and  a judicious 
employment  of  his  working  day.  The  employer  is  mistaken 
when  he  rejects  the  employment  of  wounded  or  mutilated 
soldiers,  a considerable  reinforcement  of  the  normal  workers, 
and  an  important  source  of  profit ; and  in  general  we  miscon- 
ceive the  profound  and  veritable  laws  of  social  organisation 
if  we  fail  to  pul  each  man  in  the  place  which  should  properly 
be  his  if  he  is  to  yield  his  full  output.  The  day  has  come  for 
a conception  of  this  organisation  which  is  at  once  scienlitic 
and  humane,  and  a source  of  concord  and  well-being. 

THE  Exn 
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Acceleration,  nervous,  51. 

Accidents,  industrial  : precautions  against,  194  ; expert  investigation 
of,  313. 

Accidents,  industrial,  victims  of ; organic  examination  of,  116  ; 
functional  incapacity  of,  133  ; re-education  of,  229. 

Acclimatisation,  203  ; its  duration,  210  ; its  development,  223. 

Acid,  carbonic  : present  in  the  blood,  22  ; dyspnoea  caused  by,  25  ; 
its  elimination,  25  ; breathlessness  due  to,  87. 

Acid,  uric  : elimination  of,  96. 

Activity,  intellectual,  41,  1151,  et  seq. 

,,  ^ physical,  48,  127  ; its  duration,  41  ; its  laws,  166. 

,,  psychical  : its  evolution,  41  ; its  seat,  52. 

Adaptation,  functional,  34  ; of  the  body,  46  ; of  implements  employed 
by  disabled  workers,  323. 

Addison,  Joseph,  112. 

Aesthesiometer,  94,  170,  248,  354. 

Age,  and  intelligence,  38,  41  ; and  physical  energies,  40  ; the  critical, 
41.  Effects  of,  40,  41,  53,  111-12,  141-2.  Age  and  apprentice- 
ship, 184  ; see  Senility. 

Agricultural  labour,  137  ; utility,  192  ; organization,  208,  342-3. 

Agriculture,  mechanical,  137. 

Air,  atmos])heric  : composition  of,  23,  75  ; contaminated,  25  ; com- 
pressed, 120. 

Albuminoids,  organic,  95  ; in  foodstuffs,  103,  104  ; minimum  of,  103, 
104,  106  ; abstention  from,  106. 

Alcohol  ; action  of  upon  the  alimentary  canal,  23,  114  ; and  on  the 
whole  organism,  114,  et  seq.  ; hereditarv  effects  of,  40,  115  ; as  a 
drink,  11.3-114  ; alcohol  and  athletics,  137  ; alcohol  and  colonisa- 
tion, 209. 

Alcoholism  : effects  of,  113-116  ; campaign  against,  113-114,  225  ; 
among  the  Arabs,  222. 

Alimentation  : effects  of,  5 ; moderation  in,  45,  141  ; bad  or  insuffi- 
cient, 104  ; economical,  106  ; of  labour,  108,  143  ; of  the  Arabs, 
220,  et  seq.  ; see  Food. 

Altitude,  effects  of,  120. 

Amar’s  Law,  or  Law  of  Repose,  101 ; Amar’s  worker’s  arm,  286,  et  seq. 

Amontons,  3,  10. 

Amplitude  of  movements,  145;  measurement  of,  156;  power  of,  245. 

Amputation,  general  effects  of,  242-3,  246,  et  seq.  ; of  the  thigh,  246, 
265  ; of  the  lower  leg,  246,  272,  282  ; tibio-tarsal,  274  ; Chopart’s, 
284  ; double,  284  ; of  the  upper  arm,  284,  286,  332  ; of  the 
fore-arm,  293,  332. 
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\mputation  victims  of : functional  re-eclucation  of,  143,  146,  149, 196  ; 
definifion  of  same,  227  ; one-armed,  231,  303  ; the  common  illusion 
of  250  ; the  organic  condition  of,  252,  et  seq.  ; victims  of  double 
amputation,  252,  326,  352  ; the  gait  of  a one-legged  man,  260, 
275  ; training  of  men  whose  arms  are  amputated,  318  ; their 

labour,  324,  326,  331,  et  seq.  , „ , • , 

Analysis  of  forces,  67-8,  312  ; of  movements,  70,  180  ; of  gases  expired, 

73. 

Annamites,  as  workers,  203  ; their  qualities,  226.  ^ o-i; 

Appliances,  prothetic,  146;  description  of,  257,  ef  sei/.  ; theory  of,  2o8; 

for  working-men,  285  ; functional  treatment  by  means  of,  306. 
Appliances  for  physical  training,  146,  et  seq. 

Apprentice,  the  work  of  an,  126,  128  ; his  relations  with  his  employer, 
185,  188,  et  seq. 

Apprenticeship  : organisation  of,  8,  9,  128-133,  190,  et  seq.  ; *-06, 
technique  of,  183,  193,  et  seq.  ; schools  of,  186  ; advantages  o 
the  latter,  192  ; the  problem  of,  184  ; indentures  of,  18o  ; to 
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Aptitudes  ; physical,  45  ; professional,  46,  204,  328-9,  340  ; individual, 
116  ; psychical,  50  ; general,  183,  194,  323  ; of  the  hrench 

Arabs  : sponge-fishers,  88  ; as  workers,  212,  22a  ; gait  of  the  1 1-  , 
investigations  undertaken  among  by  author,  211,  218,  et  seq.  , 
diet  of  the,  220  ; wages  of,  225. 

Arbeitsthcrapie,  338. 

Arm,  experimental,  285  ; Amar’s  type,  286,  et  seq.  ; Cauet  s type,  ^8o, 
i297  el  seq.  ; disarticulation  of  the,  289,  301. 

Art  of  manual  work,  125,  166  ; of  thinking,  168  ; of  speaking,  1/4  ; 

of  writing,  175  ; of  teaching,  181j  definition  of,  192. 
Arterio-sclerosis,  the  cause  of,  44,  115. 

Artisan,  see  Worker. 

Arthrodvnanometer,  156,  243.  .....  <■  4t  „ ion 

Articulations  : surfaces  of,  30  ; of  old  men,  44  ; rigidity  of  the,  120, 
145  ; supplementary  action  of,  145  ; the  principal,  2o9. 
Assistance  and  relief,  228,  311,  351-2  ; for  victims  of  the  war,  229, 
312,  352  ; relief  work,  352  ; the  proper  province  ot,  23U. 
Asthenopia,  ocular,  93. 

Athlete  ; athlete’s  heart,  30,  82  ; the  pulse  of  an,  79,  82  ; the  muscles, 
46;  the  physical  training,  64,  160 

Attention  : fatigue  caused  by,  11,  180  ; disorders  of  the,  116  ; genesis 
of  the,  42,  55  ; the  function  of  the,  178. 

Attitudes  of  the  body,  38,  72,  122,  127,  161  ; of  the  cyclist,  136. 


B 


Balland,  A.,  109. 

Barbe,  189. 

Beat  of  the  heart,  29,  80. 
Beaufort,  Comte  de,  284. 
Beetle,  pneumatic,  343. 
Beignet,  A.,  185. 

Belidor,  4. 
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Belot,  Dr.,  309. 

Benedict,  13,  135,  171. 

Berbers,  the,  212,  215,  220. 

Bernard,  Claude,  23. 

Bernoiiilli  brothers,  the,  3 ; Jacques,  61. 

Beverages,  112  ; alcoholic,  113-4,  222  ; of  the  Arabs,  222 
Bicycle  bearings,  sorting,  11. 

Bile,  the,  21. 

Blood,  function  of  the,  25  ; movement  of  the  29 

development  and  endurance  of,  40  ;’  form,  46  ; weight 
40,  106  ; proportions,  260.  ^ ’ 

Bouchard,  96. 

Bourgeois,  Leon,  201. 

Bourrei),  G.,  188. 

Boiissingault,  221. 

Bracelet,  weighted,  249,  354. 

Brain  the,  34  ; cortex  of  the,  37,  42  ; differences  observed  in  4*?  • 
atrophy  of,  44  ; localisations  in,  50  ; functions  of,  51  ; the  fr’onfal 
tobe  of,  51  ; radio-activity  of  172 
Breathlessness,  87,  322. 

Bricklayer,  the  work  of  the,  123. 

Broca’s  centre,  53. 

Brodmann,  52. 

Brown- Sequard,  25. 

Brunet,  Deputy,  338. 

Bulb,  dynamographic,  154. 

Bulimia,  105. 
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Cabrini,  Deputy,  204. 

Calorie,  definition  of,  13. 

Calorimetric  chamber,  13. 

Carbohydrates,  necessary  minimum  of,  104,  106  ; sources  of  103 
Carbonic  Acid  Gas,  see  Acid. 

Cardiograph,  78. 

Cards  of  instruction  in  Taylor  system,  6. 

Carnegie,  Andrew,  13. 

Carpenter,  the  work  of  the,  130,  132. 

Carriage  of  the  body,  160-1. 

Cauet’s  artificial  arms,  288,  et  seq. 

Cazalis,  44. 

Centre  of  gravity,  3,  165,  262  ; its  oscillations,  162  ; of  the  fore-arm 
242.  * 

Cerebellum,  the,  34,  37,  48. 

Certificate  of  qualifications,  328-9,  331,  341. 

Chambers,  syndical,  319. 

Chauveau,  12,  99-101,  116;  his  Laws,  99-101. 

Child,  the,  41  ; sensibility  of  the,  41  ; labour  to  be  forbidden  the  6‘> 
117,  growth  of  the,  104,  111  ; diet  of  the.  111  ; education ’and 
training  of  the,  180  ; see  Education,  Training, 

Cheirograph,  the,  91,  151. 

Chittenden,  107. 
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Chopart's  amputation,  284. 

Chronometrical  measurements,  7. 

(''tivle  ttie  22. 

Cinematosra])h,  the,  72,  130,  195. 

Circulatory  system,  the,  25  ; fatigue  and  the,  77. 

Cirrhosis.  114. 

Clemenceaii,  G.,  226.  «■  + f 

Climate,  the,  5;  hot  climates,  119;  cold  climates,  119;  effects  of 

climate,  210. 

Clothing,  tightness  of,  24  ; nature  of,  121  ; of  the  Arabs,  223. 
CoefTicient,  the  thoracic,  45,  216  ; the  mor|)hological,  46. 

Colonisation,  209,  213,  216. 

Consciousness,  function  of  the,  38. 

Conservatoire  des  Arts  et  Metiers,  1,  201,  310. 

Contraction,  muscular,  see  Muscles. 

Contracts  of  apprenticcshi]),  185  ; of  labour,  205. 

Contracture,  93.  140,  169. 

Co-ordination,  disorders  of,  151. 

Cornaro,  Luigi,  112. 

Corporations,  183,  184. 

Corsets,  24. 

Coulomb,  4,  7.  Kt,  210. 

Couscous,  109,  221. 

Oain]),  writer's,  93. 

Creoles,  224. 

Culture,  physical,  17,  146. 

(^ycle,  the  ergomelric,  78,  84,  8o,  86,  87,  13b,  II/,  -13. 

Cycling,  ])roiessional,  136. 

Cyclography,  73. 


D 


D'Arsonval,  25. 

Dastre,  45. 

Davy,  Sir  Humphrey,  56. 

De  Camus,  3. 

Degeneration,  organic.  114-5. 

Delbet,  P.,  44. 

Desault,  58. 

Descartes,  176. 

Diabetic  patients,  weakness  of,  117. 
Diaphragm,  the,  18,  21. 

Diderot,  169. 

Dietetics,  112. 

Digestion,  18,  et  seq. 

Digits,  see  Fingers. 

Dime  royale,  the,  3,  4. 

Dreams,  origin  of,  169. 

Dubief,  186,  188. 

Diichenne  de  Boulogne,  309. 

Diipin,  Clh,  7. 

Duralumin,  263,  270,  282. 
Dyspnoea,  25,  322. 
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Earthworks,  I’oad-making,  etc.,  3,  343. 

Economy  : law  of,  7 ; of  time,  8,  196  ; of  force,  166  ; of  thought,  176  ; 
of  words,  178. 

Education,  of  the  nerves,  38;  of  the  senses,  41,  117-8,  248,  253; 
physical,  46,  66,  125,  140-3  ; of  the  will,  56  ; social,  60  ; of  the 
movements,  70,  194,  318  ; alimentary,  107  ; intellectual,  176,  191  ; 
of  the  muscular  elTorts,  312  ; physiological,  322  ; of  tlie  sensi- 
bility of  amputation  stumps,  248,  304,  354,  et  seq,  ; see  Technical 
Education, 

Effort,  static,  34,  64  ; duration  of,  94  ; and  respiration,  89  ; the 
sense  of,  132  ; psychical,  180. 

Embolisms,  120. 

Emotions,  the  ; of  pleasure,  56,  170  ; of  pain,  56,  57,  170  ; expressions 
of  the,  170. 

Employment  of  war-cripples,  228,  350,  et  seq.  ; charitable,  356-7. 

Endurance,  94-5  ; curves  of,  95. 

Energetics,  14,  126. 

Energy,  the  expenditure  of,  12,  14,  73  ; vital  energy,  16  ; nervous 
energy,  39,  55  ; psychic  energy,  43  ; neuro-muscular  energy,  90  ; 
energetic  value  of  foods,  103  ; minimum  expenditure  of  the  body, 
107  ; calorific,  107  ; human  energy,  358  ; its  variations,  142  ; 
intellectual  energy,  169  ; its  source,  173  ; energy  of  rotation,  262. 

Ennui,  59. 

Environment,  the  physical,  55, 118,  et  seq. ; the  social,  55,  60,  177,  2(»9. 

Equation,  the  personal,  53,  54,  93,  158,  219,  322. 

Equipment,  mechanical,  see  Plant. 

Eudiometer,  74. 

Euler,  3. 

Exercises,  military,  99  ; mental,  108,  116  ; of  speed,  116,  154. 


F 


Fatigue,  the  theory  of,  4,  11,  57  ; elTects  of,  76,  et  seq.  ; static  fatigue, 
89  ; pathological  fatigue,  116  ; illustrated  in  case  of  artisan  filing 
metal,  128  ; measured  by  bulb  dynamometer,  155  ; due  to  bad 
positions  of  the  body,  160  ; nature  of,  77,  95,  166  ; cerebral,  171, 
180  ; fatigue  of  attention,  174  ; of  war-crijiples,  313. 

Fashion,  the,  and  hygiene,  24,  162. 

Fechner's  Law,  61. 

Feminism,  43. 

File,  elforts  brought  to  bear  upon  a,  67  ; the  dynamographic,  69  ; 

work  done  in  filing  metal,  128. 

Fletcher,  Horace,  106-7. 

Fletcherism,  107. 

Fleury,  de,  41. 

Force,  exertion,  of,  30  ; psychical,  38  ; muscular,  of  the  limbs,  145-6  ; 
muscular,  158  ; vital,  2,  12. 
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Gait,  see  Walking. 

Galileo,  99. 

Gall,  50. 

Games,  influence  of,  in  fatigue,  57  ; and  age,  14^  ; 
Gangway,  moving,  80  ; dynamographic,  275-7. 
Gauiot  and  Spillrnann,  309. 

Gilbreth,  F.,  8,  72,  123,  181,  202. 

Gilbreth,  Mrs.,  55. 

Givcogen,  22,  103,  114. 

Grip,  universal,  Amar’s,  287,  288,  292,  29;>,  333. 
Guilds,  183,  184,  194. 

Gymnastics,  163,  165,  166  ; masticatory,  10/  ; 
Gyrograph,  the,  159. 


origin  of,  142. 


respiratory.  255. 


H 


Haemoglobin,  27,  121.  r 

Hammer,  the  dynamographic,  319  ; blow  of  a,  320  ; mathematics  of, 

321. 


Hansemann,  45.  or-  • +t  4 

Handicrafts,  the  teaching  of,  as  an  integral  whole,  186  ; in  the  past, 

186  ; practice  and  love  of,  194  ; selecting  a new  craft,  231  ; the 
choice  of  a craft,  323,  344. 

Hearing,  118.  , „ 

Heart,  the:  contraction  of,  27-8;  weight  of,  29,  99,  ; rhythm  of, 
28,  80  ; hypertrophy  of,  44  ; disorders  of,  29,  56  ; fatigue  of, 
80  ; degeneration  of,  114  ; afTected  by  amputation,  255. 

Heat  of  the  body,  104  ; damp  heat,  25,  121,  210. 

Hegemony,  Functional,  the  Law  of,  31,  143. 

Helmholtz,  14.  . , . 1 r-o 

Hereditv.  intellectual,  55,  204  ; moral,  62  ; physiological,  62,  117,  216. 


Him,  14. 

Hugede,  284. 

Humidity,  25. 

Hygiene  and  physical  education,  140  ; 
social,  116,  121-2. 


industrial  hygiene,  194,  208  ; 


I 


nanition,  mineral,  33;  alimentary,  104. 

ncapacity,  industrial  : estimation  of,  312  ; simulation  of,  313. 
nfirm,  soldiers,  133,  227  ; re-education  oL  138,  140,  143,  231,  et  seq,  ; 

re-apprenticeship  of,  183  ; work  of,  .113. 

:nhibition,  38,  50,  58;  of  fatigue,  97,  170. 

:ntellect,  the,  38,  42-3,  55,  52,  57  ; education  of,  141,  168,  171,  174, 
191  : of  negroes.  216  ; professional,  ,323. 


Intestines,  the,  18,  20. 

Intoxication  of  fatigue,  the,  77,  93,  106,  170,  174. 
Italians,  as  workers,  204. 
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J 

James,  William,  61. 

Jerky  movements,  due  to  clumsiness,  70,  72,  130  ; disadvantage  of, 
in  mechanotherapy,  139. 

Jointing-plane,  the  registering,  69  ; training  by  means  of  the,  320  ; 

work  done  with  the,  131. 

Joy,  56,  170. 


1 


{ 


K 


Kabyles,  the,  203  ; as  workers,  211,  214-5  ; history  of,  212-3  ; life  of, 
215  ; anthropological  characteristics  of,  214  ; a source  of  labour, 
218. 

Kenotoxins,  25. 

Kilogram-metre,  the,  13,  135. 

Kirschhoffer,  47. 

Knudsen,  Hans,  228. 

Kijrie,  11  1. 

L 


Labour,  the  science  of,  2 ; unit  of,  135  ; maximum  of,  3,  128  ; super- 
vision of,  4 ; on  piecework,  4,  7 ; rest  during,  4,  101,  121,  128  ; 
Taylor’s  organisation  of,  5,  et  seq.  ; muscular  exertion,  in,  64  ; 
laws  of,  99,  et  seq.  ; factors  of  human,  98,  103.  et  seq,  ; ]irofes- 
sional,  125,  et  seq.  ; agricultural,  137,  192  ; intellectual,  168, 
et  seq.  ; mental,  177  ; law  of  the  division  of,  185,  198,  207  ; the 
right  to,  226  ; incapacity  to  perform,  313  ; of  war-crip]>les,  311, 
et  seq. 

Law,  of  functional  hegemony,  31,  143;  Fechner’s,  61;  Chau\eaii, 
103,  139  ; Amar's,  101  ; of  repose,  101  ; Schwann’s,  139,  159  ; 
of  rhvthm,  181  ; Ghapelier’s,  181  ; of  1851,  186. 

Labbe,  189. 

Laehand,  165. 

Landoazij,  116. 

Laplaee,  61. 

Lcnirent,  284. 

Lavoisier,  14-16. 

La  Hire,  3,  10. 

Le  Chatelier,  //.,  5. 

Leg,  wooden,  rigid,  264-5  ; with  locking-joint,  265  ; artificial  legs,  272  ; 
el  seq. 

Lemonade,  vinous,  222. 

Lennander,  59,  77. 

Lian,  C.,  115. 

Liebaiit,  193, 

Limbs,  orientation  of  the,  65  ; strength  and  compass  ol  tlie,  147  ; 
education  of  the,  146  ; phantom  limb,  illusion  ot  the,  250  ; utilisa- 
tion of  stumps,  259. 

Localisations,  cerebral,  51. 

Locomotion.  162. 

I.ombard,  59. 

Longevity,  4 1.  111-12. 

Liissana,  115. 

Luzzati,  205. 
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Machine,  the  Iminan,  1,  312  ; machine  tools,  123,  326,  312. 

Marev,  66  ; his  drum  or  tambour,  67. 

Marie,  51. 

Marinesco,  51. 

Marking  lime,  134. 

Material,  em|)loyed  in  orthopaedics,  263. 

Meals,  hours  of,  142-3. 

Mechanisation  of  industry,  185,  2UG,  342. 

Mechanotherapy,  139,  143,  146. 

Memory,  38,  179  ; organic,  39. 

Menoj)ause,  the,  41. 

McssimiJ,  M.,  his  scheme  of  native  conscription,  211. 

Method,  2,  5,  9;  physical,  2,  9;  physioh.gical,  p el  s«/.  ; in  the 
observation  of  labourers,  4,  6 ; gra])hic,  the,  bb,  1J4,  see  Order. 
Metronome,  the,  92,  150. 

Metscimikov,  20,  105. 

Millerand,  186. 

Mobius,  42,  63. 

Moment  of  a force,  the.  159  ; of  inertia,  263. 

Montaigne,  167,  176,  181. 

Montesgiiieii,  99.  . „ 

Moral  character,  63  ; moral  equality  of  the  sexes^b3  ; moral  dejection, 

256  323  ; moral  condition  of  the  blind,  355. 

Mosso,  A.,  77,  120,  151.  ^ ^ . 

:\Iotor  the  motive  portion  of  a machine,  11  ; the  muscles  as  motois, 
33  ; the  utility  of  small  motors,  137,  324,  342  ; in  agriculture, 

342. 

Movement,  human,  30;  automatic,  30;  useful,  7,  166  ; useless,  7, 
66  166  ; voluntary,  55,  70  ; in  the  child,  53  ; the  education  of, 
66,  194  ; the  forms  of,  143  ; force  and  amplitude  of,  14j  ; ol  the 

stumps,  259,  et  seq. 

Mozabites,  the,  214. 

Mutilations  (of  the  fingers),  261,  331.  . f i ir  . c.c 

idutilated  workers,  46,  66,  122,  123,  241  ; movements  of  146  , sus- 
ceptible of  training,  230,  351  ; the  total  number  ot,  3ol. 


X 

Xavvv’s  work,  4,  343. 

Negroes,  the  brain  of,  43,  52  ; the  pigmentation  of,  216. 

Xeurasthenia,  116.  . i m •+  . 

Neurones,  sensory,  36  ; motor.  36  ; nature  of  the  36  ; 

50  ; of  association,  38  ; function  of  the,  in  thought,  169,  1/8. 

Nerve-centres,  resistance  of  the  fatigue,  93. 

Xewlon,  99,  101  ; his  Law,  176. 

Xicali,  61. 

O 

Obesity,  34,  106,  107. 

Oesophagus,  18,  ^5.  017 

Office,  technical,  m industrial  schools,  341,  34/. 
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Order,  5,  9,  102,  166  ; of  ideas,  17,  175,  177  ; habits  of,  19b. 
Organisation,  scientific,  6,  124,  326,  336,  338  ; methods  of,  338  ; 
regional,  340  : Institute  of  the  Scientific  Organisation  of  Labour, 

350  ; of  society,  358.  ^ o - oio 

Orientation  : industrial  and  professional,  184,  312,  323,  324,  34/,  348  ; 

of  the  arms,  314,  336. 

Orthopaedics,  47,  231  ; the  principles  of,  237,  et  seq.  ; materials  em- 
])loyed  in,  263  ; Commission  of  Orthopaedic  Siiecifications,  L6o  ; 
physiological  application  of,  306. 

Oscillometer,  PachonX,  78. 

Osteomalacia,  infatile,  33, 

Osteojisathyrosis,  32. 

Ostwald,  192. 

Ottolenghi,  213.  ^ 

Output,  development  of  the,  66  ; during  fatigue,  8/  ; the  economic,  l.-j'  ; 
the  maximum,  128  ; the  agricultural,  137  ; the  industrial,  19/  ; 
of  prothetic  appliances,  259,  331  ; diminution  of,  331  : the 
normal  social,  352. 

Oxygen,  12,  23,  24,  27,  75,  95. 


Pace,  see  Speed. 

Pancreas,  20,  21. 

Paralysis  ; due  to  crutches,  233  ; radial,  30/,  et  seq. 

Pare,  Ambroise,  57,  265,  284. 

Pavloff,  23,  104. 

Pensions,  military,  313. 

Peristalsis,  20. 

Peritoneum,  the,  20. 

Personal  equation,  the,  53,  93,  150,  219,  322. 

Phenomenon  : of  referred  sensation,  248  ; M eir-5litchell  s,  *-o0. 
Placing,  industrial,  of  war-cripples,  228,231,348,  et  seq.  ; in  charitable 
employment,  351. 

Plane,  see  Jointing-iilane. 

Plane,  the  aesthesiographic,  354.  ^ .oo  inn 

Plant  of  workshops,  equipment,  etc.  ; organisation  of,  b,  1 — , 1J7  , 
adapted  to  war-cripples,  122,  324,  326  ; in  charitable  employment, 

326,  356. 

Pneumograph,  the,  83. 

Poncelet  2. 

Power  calorific,  109-110  ; of  amputation  stumps,  242. 

Pressure  : arterial,  78,  81,  115,  121  ; atmospheric,  120  ; of  the  hand, 

154. 

Privat,  Dr.,  309.  . 

Professional  malformations.  46,  47  ; fatigue,  416  ; intoxications,  11/. 
Pro  thesis  : lor  victims  of  amputation,  66,  146,  241,  et  seq.  ; scientific 
(principles  of),  257,  el  seq.  ; mechanical,  262  ; of  the  lower  limb, 
264  ; of  the  upper  limb,  284  ; testing  of  prothetic  appliances,  ^ /o  , 
functional,  306  ; percentage  output  of  prothetic  appliances  331  ; 
defective,  335  ; in  cases  of  double  amputations.  3o2  ; of  the  blind, 
354  ; Commission  of  Prothetic  Specifications,  26o. 

Pseudarthrosis,  308, 
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Psychical  aptitude,  50  ; activity,  169  ; condition  of  \var-cnp])les,  256 
Psycho-physiology,  39,  40,  56  ; law  of,  60  ; of  the  worker,  194,  20(i  ; 
of  the  war-cripple,  229. 

Pulse,  29  ; tracings  of  the,  78  ; in  dreams,  169. 

Punch,  perforating,  for  tickets,  324. 


R. 


Radio-activity,  172. 

Radiochronophotography,  21. 

Radioscoy>y  of  the  heart,  80. 

Rameil,  Pierre,  338. 

Rations,  alimentary,  76,  106  ; table  of,  109. 

Re-adaptation,  industrial,  230,  240,  310,  324,  331,  336  ; sensitive,  of 
the  stumps,  247,  354  ; of  I)lind  war-crip[)les,  354,  et  seq. 

Re-apprenticeship  of  the  wounded,  184.  196,  230,  331. 

Re-education,  functional,  129,  138  ; general  laws  of,  143,  et  seq.  ; tech- 
nique and  results  of,  231,  et  seq.  ; cellular,  224  ; organic,  252  ; 
professional,  146,  228,  311,  et  seq.;  of  the  stumps,  149,  241,  et 
seq.  ; centres  of  the  organisation,  of,  :>tl  ; duration  of  profes- 
sional, 347. 

Reflexes,  nervous  ; the  reflex  arc,  36,  37  ; control  of,  52  ; duration 
of,  54  ; eflects  of  alcohol  on  the,  115  ; of  expression,  169. 

Regimen,  alimentary,  111  ; of  schools  of  re-education,  347. 

Rekkas  (Arab  runners),  17. 

Resistance  of  the  human  body,  4(1  ; organic,  40,  94,  1 11. 

Rest  : frequency  of  intervals  of,  4,  102  ; physiological,  96  ; the  law 
of,  101  ; of  workers,  122  ; daily  hours  of,  122  ; in  the  case  of  a 
metal-worker  (filing),  128  ; physical,  160. 

Itespiration,  23  ; in  old  i)CO])le,  44  ; during  fatigue,  82  ; pathol(>gical, 
255  ; mask  for  measurement  of,  11  ; analysis  of,  75. 

Respiration  gauge,  71. 

Rhetoric,  the  object  of,  179. 

Richet,  Ch.,  59,  119. 

Rickets,  33. 

Right-handed  persons,  frequency  of,  114,  318. 

Robin,  A.,  116. 


S. 

Sciwpper,  111. 

Sclnvann,  139,  159. 

Science,  the  function  of,  193,  198,  32<i  ; social,  200. 

Scoliosis,  239;  scholar’s  stoo]>,  118. 

Secretions,  ]isychical  control  of  the,  21,  10  1 ; their  inhil)ilion.  171. 
Sequin,  11-16. 

Selection  : as  taught  by  Taylor,  7 ; social,  62  ; of  movements,  ICO  ; 
of  workers,  206. 

Senility,  41,  44,  et  seq.  ; causes  of,  41  ; measures  preventive  of,  112  ; 
diminished  energy  of,  142. 
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Sensations  : organic,  34,  59,  77  ; tactile,  34,  248  ; visual,  34  ; gusta- 
tory, 35  ; olfactory,  34  ; auditory,  35  ; law  of,  60  ; of  fatigue, 
76  ; of  thirst,  113. 

Senses,  the,  34,  37;  of  the  child,  41  ; education  of,  41,  61,  253; 

condition  of,  107,  122,  253  ; function  of,  in  dreams,  169. 
Sensibility,  of  women,  42  ; of  the  child,  41  ; relations  between— and 
intelligence,  55  ; disorders  of,  93,  248,  250  ; tactile,  93  ; definition 
of,  169  ; of  amputation  stumps,  248,  250. 

Shakespeare,  39. 

Shoyel,  see  Spade. 

Signal,  Deprez,  54,  151. 

Sigaiid,  49. 

Sight,  the  sense  of,  31,  118,  254  ; fatigue  of  the,  92,  170. 

Simulation,  in  war-cripples,  313. 

Skeleton,  the,  32  ; morbid  fragility  of,  32,  44  ; modified  by  amputa- 
tion, 247. 

Skin,  pigmentation  of  the,  216. 

Sleep,  the  toxins  of,  97. 

Sobriety:  in  matters  of  diet,  107,  112  ; of  old  people.  111. 

Sorting  balls  for  bearings,  11. 

Spade,  dynamographic,  71,  343,  356;  normal  weight  of  a,  137. 
Specificaiions,  Orthopaedic,  Commission  of,  265. 

Spectacular  entertainments,  122,  181. 

Speed,  and  fatigue,  88  ; the  economic,  101,  et  seq.  ; work  demanding, 
116,  154  ; "of  thought,  180  ; of  labour,  219. 

Sphygmograph,  Marey’s,  78. 

Spillmann,  Gaujot  and,  309. 

Splint,  for  amputation  stumps,  149, 150,243, 245, 249 ; for  paralysis,  308. 
Sponge-diyers,  Arab,  88. 

Sports,  66, 163  ; diet  and,  105  ; cycling,  136  ; a luxury,  138  ; hygienic 
yalue  of,  141  ; moyements,  made  in  yarious,  160. 

Stairs,  carrying  weights  up,  135. 

Steel,  quality  of  employed  in  orthopaedics,  264. 

Staryation,  mineral,  33  ; alimentary,  105. 

Stenoii,  Bishop,  experiments  on  dog,  30. 

Step,  disadyantages  of  a short,  93,  162  ; phases  of  the,  in  walking, 
265,  273. 

Stiff  neck,  rheumatic,  93. 

Stomach,  18. 

Strength,  exertion,  of,  30  ; of  the  limbs,  147  ; muscular,  156  ; of 
Arabs,  218-220  ; of  the  stumps,  245. 

Strikes,  207,  226. 

Suckling  of  children,  111. 

Sweat,  toxins  in,  96. 


Tachyphagia,  22,  108. 

Taylor,  F.  W.,  5;  his  system,  6,  et  seq.  ; 181  ; his  inptence  upon 
speed,  101  ; results  obtained  by,  134  ; his  education,  191  ; on 
life  in  the  workshop,  201. 

Tea,  222. 

Teaching,  see  Education. 

Technical  education,  186  ; general  or  special,  186,  et  seq.  ; 199. 
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Technique  of  apprenticeship,  194  ; of  physical  training,  146. 
Temperature  of  the  body,  14  ; of  the  atmosphere  (climatic),  120  ; of 
workshops,  etc.,  119, 

Tendon,  34  ; of  Achilles,  34. 

Thirst,  113  ; how  to  quench,  113,  222. 

Thooris,  48,  50. 

Thumb,  the,  mutilations  of,  262,  331  ; functions  of,  262  ; artificial, 
262. 

Tiegerstedt,  R.,  107. 

Time,  registration  of,  70,  72  ; of  nervous  reaction,  53,  150. 

Tonicity  of  the  organs,  31,  57  ; of  the  muscles,  57,  58,  97,  115. 
Tonograms  of  respiration,  83,  102. 

Tool  or  instrument,  as  part  of  a machine,  11  ; good  output  of  a,  123  ; 
choice  of,  122,  197,  326. 

Touch,  the  sense  of,  31  ; and  pain,  59  ; and  fatigue,  93  ; in  the 
blind,  118,  248,  354. 

Toys,  wooden,  343. 

Training  of  the  child,  175. 

Transportation  of  burdens,  8,  133-4,  ei  seq.  ; 218. 

Trade,  see  Handicraft. 

Tuberculosis,  predisposition  to,  40,  115. 

Taffier,  Th.,  233,  234. 

Types,  of  humanity,  47-50  ; of  movement,  144  ; of  grips  or  holders  for 
artificial  arms,  in  place  of  hands,  288-9,  295-6. 


r 

Urine,  96  ; toxicity  of  the,  96. 

Use  of  artificial  arms,  302,  et  seq. 


V 


Valve,  two-way,  for  measuring  respiration,  73,  83,  126. 
Vauban,  3. 

Ventilation,  pulmonary,  24,  75  ; curve  of,  88. 

Verne,  H.,  2. 

Viviani,  R.,  225,  228. 

Vocation,  importance  of,  10,  184,  322. 

Voltaire,  172,  191. 
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War-cripples,  the  work  of,  30,  129  ; endurance  of,  117,  241  ; re- 
education of,  166,  230,  et  seq.  ; definition  of  the  term,  227  ; em- 
ployment of,  228,  350  ; certificate  of  qualifications  of,  328  ; 
seriously  disabled,  351. 

Wages,  the  law  of,  206  ; depreciation  of,  207  ; of  the  Arabs,  225. 
Waistcoats,  prothetic,  290. 
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Walking,  30,  135,  et  seq.  ; with  flexed  knees,  162;  theory  of,  273; 
of  atheletes,  46  ; of  one-legged  men,  260,  275-8. 

Water,  23,  113,  119,  222. 

Weber,  Ed.,  his  Law,  61  ; his  aesthesiometer,  248. 

Weicbardt,  25. 

Weir^ Mitchell,  230-1. 

Wheelbarrow,  how  to  hold  a,  100,  137  ; with  two  wheels,  137. 

Woman,  phvsical  qualities  of,  41  ; intelligence  of,  42  ; labour  of,  117, 
208. 

Workmen,  qualities  of,  1,  7,  127,  150,  196  ; the  educated,  193,  194, 
206  ; the  methods  of  good,  199,  200  ; probationers,  200  ; con- 
sideration of,  201  ; Italian,  204  ; French,  207  ; Aral),  211  ; 
rarity  of  good,  204  ; the  home  worker,  317. 

Workshops,  for  apprenticeship,  193,  199,  338,  341,  347  ; or  industrial 
school,  186  ; the  organisation  of,  193  ; the  function  of  small,  200  ; 
benefits  of  a return  to  the,  200  ; hours  of  work  in,  204  ; s])ecial, 
356-7. 

Wounded  soldiers,  see  War-cripples. 

Wood,  in  orUiopaedics,  263,  275  ; multiple-ply,  263. 


X-Rays,  21. 


4he  appliances  illustrated  in  this  volume  are  all  made  by  MM. 
Pirard  et  Coeurdevache,  7 rue  Blainville,  Paris. 
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